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41 Lqwurgxfwlrq
Wkh uhfhqw irupdwlrq ri d qhz prqhwdu| lqvwlwxwlrq lq Hxursh kdv/ rqfh pruh/ kljkoljkwhg wkh
txhvwlrq ri wkh surshu uroh iru prqh| lq wkh frqgxfw ri prqhwdu| srolf|1 Lq wkh sdvw ihz |hduv/
sduwlfxoduo| gxulqj wkh jhvwdwlrq ri wkh Hxurshdq Fhqwudo Edqn +HFE,/ d olyho| ghedwh kdv
frqvlghuhg zkhwkhu prqhwdu| wdujhwlqj ru lq dwlrq wdujhwlqj zrxog eh wkh prvw dssursuldwh
prqhwdu| vwudwhj| iru wkh Hxurv|vwhp14 Wklv ghedwh zdv rqo| vsxuuhg rq e| wkh Hxurv|vwhp*v
dqqrxqfhphqw ri lwv dfwxdo prqhwdu| vwudwhj|1 Dv ghvfulehg lq wkh lqdxjxudo lvvxh ri wkh HFE*v
Prqwko| Exoohwlq ^:/ s1 <‘=
111 ^W‘kh vwudwhj| lv edvhg rq wzr slooduv1 Wkh ?uvw frqvlvwv lq d surplqhqw uroh
iru prqh|/ dv vljqdoohg e| wkh dqqrxqfhphqw ri d txdqwlwdwlyh uhihuhqfh ydoxh ri
70425 shufhqw iru wkh jurzwk udwh ri wkh eurdg prqhwdu| djjuhjdwh P6 zklfk lv
uhjdughg dv ehlqj frpsdwleoh zlwk sulfh vwdelolw|1 Wkh vhfrqg frpsulvhv d eurdgo|
edvhg dvvhvvphqw ri wkh rxworrn iru sulfh ghyhorsphqwv dqg wkh ulvnv wr sulfh vwdelolw|
xvlqj ?qdqfldo dqg rwkhu hfrqrplf lqglfdwruv1
Wklv vwudwhj| dsshduv wr eh d frpelqdwlrq ri d zhdn w|sh ri prqhwdu| wdujhwlqj dqg dq
lpsolflw irup ri lq dwlrq wdujhwlqj1 Lw lv rqo| d zhdn w|sh ri prqhwdu| wdujhwlqj ehfdxvh wkh
Hxurv|vwhp kdv uhmhfwhg d vlpsoh irupxodwlrq lq zklfk prqh| jurzwk lv dq lqwhuphgldwh wdujhw
yduldeoh wr dozd|v eh eurxjkw lq olqh zlwk wkh uhihuhqfh ydoxh1 Qhyhuwkhohvv/ wkh Hxurv|vwhp
kdv pdgh lw fohdu wkdw ghyldwlrqv ri prqh| jurzwk iurp wkh uhihuhqfh ydoxh zloo eh wuhdwhg dv
d pdmru idfwru lq lwv srolf| ghflvlrqv1 Wkh vhfrqg sloodu frqwdlqv wkh edvlf wkuxvw ri lq dwlrq
wdujhwlqj> krzhyhu/ vrph ri wkh lpsruwdqw hohphqwv ri dq h{solflw lq dwlrq wdujhwlqj vwudwhj|/
vxfk dv wkh sxeolf frpsdulvrq ri dq lq dwlrq iruhfdvw wr dq dqqrxqfhg wdujhw/ duh devhqw1
Lq rughu wr xqghuvwdqg wkh srwhqwldo iru vxffhvv ri wklv pl{hg vwudwhj| iru prqhwdu| srolf|/
wklv sdshu hydoxdwhv wkh uhodwlyh shuirupdqfh ri prqhwdu| wdujhwlqj dqg lq dwlrq wdujhwlqj1
Wklv h{huflvh surylghv/ lq d orrvh vhqvh/ vrph hylghqfh ri wkh uhodwlyh ydoxh ri wkh ?uvw dqg
vhfrqg slooduv ri Hxurv|vwhp vwudwhj|1 Suhylrxv dqdo|vlv lq Vyhqvvrq ^66‘/ ^69‘/ dqg ^6:‘ surylghv
d wkhruhwlfdo fdvh iru idyrulqj lq dwlrq wdujhwlqj ryhu prqhwdu| wdujhwlqj1 Lq wklv sdshu/ zh
surylgh dq hpslulfdo frxqwhusduw wr wklv dqdo|vlv xvlqj d vpdoo hvwlpdwhg prgho ri lq dwlrq/
rxwsxw/ dqg prqh|1
Ri frxuvh/ dq lpsruwdqw gl!fxow| iru rxu dqdo|vlv/ ru lqghhg dq| hpslulfdo lqyhvwljdwlrq ri
wkh srolf| fkrlfh idfhg e| wkh Hxurv|vwhp/ lv wkh odfn ri d gdwd vhw zlwk zklfk wr hvwlpdwh dq
4 Wkh Hxurv|vwhp/ zklfk frqvlvwv ri wkh HFE dqg wkh qdwlrqdo fhqwudo edqnv ri wkh 44 frxqwulhv wkdw kdyh
dgrswhg wkh hxur/ kdv frqgxfwhg prqhwdu| srolf| iru wkh hxur duhd vlqfh Mdqxdu| 4/ 4<<<1
4hpslulfdo prgho ri wkh hxur0duhd hfrqrp|1 Wkh 44 qdwlrqv ri wkh hxur duhd kdyh ehhq erxqg
wrjhwkhu zlwk d frpprq fxuuhqf| iru ohvv wkdq d |hdu/ vr xvlqj dssursuldwh srvw0xqlrq hxur0duhd
gdwd iru prgho hvwlpdwhv lv qrw dq rswlrq1 Frqvwuxfwlqj v|qwkhwlf suh0xqlrq djjuhjdwhv iurp
wkh vhsdudwh klvwrulfdo gdwd iru wkh 44 hxur0duhd frxqwulhv lv rqh dowhuqdwlyh15 Wklv/ ri frxuvh/
lv dq dpeljxrxv frxqwhu0idfwxdo h{huflvh1 Qdwlrqdo vwdwlvwlfv zlwk gl>hulqj gh?qlwlrqv pxvw eh
djjuhjdwhg/ dqg vrph dffrxqwlqj pxvw eh pdgh ri wkh dfwxdo klvwrulfdo h{fkdqjh udwh  xfwxdwlrqv
dprqj wkh 44 hxur0duhd frxqwulhv1 Ixuwkhupruh/ hyhq li xqdpeljxrxv suh0xqlrq djjuhjdwhv zhuh
dydlodeoh/ lw lv qrw fohdu wkdw wkh h{shulhqfh ri wkh hxur duhd ehiruh prqhwdu| xqlrq xqghu
 rdwlqj h{fkdqjh udwhv dqg zlwk d ydulhw| ri prqhwdu| srolf| uhjlphv dqg lqvwlwxwlrqv zrxog eh
dssursuldwh iru dqdo|}lqj wkh srvw0xqlrq hxur duhd xqghu wkh Hxurv|vwhp1 Wkxv/ uhfrqvwuxfwhg
klvwrulfdo hxur0duhd gdwd zloo eh dq xqfhuwdlq jxlgh wr wkh ixwxuh1 Wkh h{shulhqfh ri wkh Xqlwhg
Vwdwhv lv/ lq rxu rslqlrq/ dw ohdvw dv uhohydqw d jxlgh1 Lw lv riwhq qrwhg wkdw wkh hxur duhd kdv
pdq| vlplodulwlhv wr wkh Xqlwhg Vwdwhv9reylrxvo| lq whupv ri d prqhwdu| xqlrq9exw dovr lq
hfrqrplf vl}h dqg lq wkh uhodwlyh lpsruwdqfh ri h{whuqdo wudgh1 Dffruglqjo|/ lq dqdo|}lqj wkh
uhodwlyh ydoxh ri prqhwdu| wdujhwlqj dqg lq dwlrq wdujhwlqj/ zh xvh frh!flhqwv lq rxu prgho wkdw
duh hvwlpdwhg xvlqj X1V1 gdwd1 Zh fhuwdlqo| fdqqrw jxdudqwhh wkdw wklv hpslulfdo prgho/ zklfk
lv phuho| d uxglphqwdu| dssur{lpdwlrq ri wkh X1V1 hfrqrp|/ lv wkh fruuhfw yhklfoh iru dqdo|}lqj
hxur0duhd prqhwdu| srolf| lq wkh ixwxuh> krzhyhu/ dv rxwolqhg lq wkh qh{w vhfwlrq/ zh wklqn
wkdw rxu prgho kdv vrph ghvludeoh dwwulexwhv hyhq iurp d Hxurshdq shuvshfwlyh1 Vwloo/ d pdmru
fdyhdw wr rxu dqdo|vlv lv wkdw wkh hfrqrp| lq wkh hxur0duhd xqghu wkh Hxurv|vwhp pd| ehkdyh
vxevwdqwldoo| gl>huhqw iurp wkh X1V1 h{shulhqfh +ru iurp d uhfrqvwuxfwhg hxur0duhd klvwru|,16
Zlwk wkdw fdyhdw fohduo| hvwdeolvkhg/ rxu uhvxowv iurp d prgho ?w wr wkh X1V1 hfrqrp| duh
xvhg wr gudz vrph ohvvrqv iru wkh Hxurv|vwhp1 Rxu uhvxowv vkrz wkdw prqhwdu| wdujhwlqj lv
pxfk pruh lqh!flhqw/ lq wkh vhqvh ri lqgxflqj pruh yduldeoh lq dwlrq dqg rxwsxw/ wkdq lq dwlrq
wdujhwlqj1 Zh jhw wklv uhvxow hyhq diwhu h{foxglqj sduwv ri wkh vdpsoh shulrg vr dv wr hvwlpdwh
d yhu| zhoo0ehkdyhg/ vwdeoh prqh|0ghpdqg htxdwlrq1 Ixuwkhupruh/ wklv uhvxow lv wuxh hyhq li
zh dvvxph wkdw wkhuh duh qr vwrfkdvwlf vkrfnv dw doo d>hfwlqj prqh| ghpdqg1 Wkxv/ frxqwhu
wr frqyhqwlrqdo zlvgrp/ prqhwdu| wdujhwlqj lv lqh!flhqw hyhq li prqh| ghpdqg lv vwdeoh dqg
5 Wklv urxwh lv iroorzhg e| Shhuvpdq dqg Vphwv ^59‘ dqg Wd|oru ^73‘/ zkr xvh gdwd iurp d vxevhw ri wkh 44
hxur0duhd frxqwulhv/ dqg Jhuodfk dqg Vyhqvvrq ^43‘/ zkr xvh gdwd iru wkh zkroh hxur duhd1
6 Lqghhg/ iru zkdw lw lv zruwk/ dv qrwhg lq vhfwlrq 5/ wkh zrun ri Shhuvpdq dqg Vphwv ^59‘ dqg Wd|oru ^73‘
vxjjhvwv wkdw wkh htxdwlrqv ri rxu prgho dovr kdyh vrph fodlp wr ?w wkh suh0xqlrq v|qwkhwlf hxur0duhd gdwd1 Rq wkh
rwkhu kdqg/ wkh zrun ri Jhuodfk dqg Vyhqvvrq ^43‘ lqglfdwhv wkdw prqhwdu| djjuhjdwhv kdyh d pruh ixqgdphqwdo
uroh lq ghwhuplqlqj lq dwlrq lq wkh hxur duhd wkdq lq wkh X1V1/ dowkrxjk qrw lq d zd| vxssruwlqj d surplqhqw uroh
iru wkh Hxurv|vwhp*v prqh|0jurzwk lqglfdwru1
5frqwuroodeoh1 Wklv uhvxow uh hfwv wkh idfw wkdw jlyhq wkh g|qdplfv ri krz prqh| lv uhodwhg wr wkh
uhvw ri wkh hfrqrp|/ prqh| jurzwk lv d srru suhglfwru ri ixwxuh lq dwlrq +lq wkh vhqvh wkdw wkh
fruuhodwlrq ehwzhhq prqh| jurzwk dqg lq dwlrq iruhfdvwv lv txlwh orz,1 Wkxv/ prqh| jurzwk
lv dq lqdghtxdwh lqglfdwru ri ulvnv wr sulfh vwdelolw|1 Doo wklv surylghv vxevwdqwldo hpslulfdo
frq?updwlrq ri wkh dujxphqwv lq Vyhqvvrq ^66‘/ ^69‘/ dqg ^6:‘17
Vhfwlrq 5 suhvhqwv wkh prgho dqg wkh hpslulfdo hvwlpdwhv1 Vhfwlrq 6 uhsruwv wkh uhvxowv rq
wkh uhodwlyh shuirupdqfh ri lq dwlrq wdujhwlqj dqg prqhwdu| wdujhwlqj1 Lq sdvvlqj/ zh dovr vkrz
wkdw qrplqdo JGS wdujhwlqj zrxog eh txlwh lqh!flhqw frpsduhg wr lq dwlrq wdujhwlqj1 Vhfwlrq
7 glvfxvvhv wkh ohvvrqv iru wkh Hxurv|vwhp1 Vhfwlrq 8 suhvhqwv vrph frqfoxvlrqv1 Dsshqgl{hv
D8G frqwdlq vrph whfkqlfdo ghwdlov1
51 Dq Hpslulfdo Prgho ri X1V1 Rxwsxw/ Lq dwlrq/ dqg Prqh|
5141 Djjuhjdwh vxsso| dqg ghpdqg
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Wkh htxdwlrqv zhuh hvwlpdwhg lqglylgxdoo| e| ROV18 Wkh k|srwkhvlv wkdw wkh vxp ri wkh
o d jf r h ! f l h q w vr il q  d w l r qh t x d o vr q hk d gds 0ydoxh ri 17;/ vr wklv uhvwulfwlrq zdv lpsrvhg lq
hvwlpdwlrq1 Wkxv/ wklv lv dq dffhohudwlrqlvw irup ri wkh Skloolsv fxuyh/ zklfk lpsolhv d orqj0uxq
yhuwlfdo Skloolsv fxuyh19
Dv ghvfulehg e| Uxghexvfk dqg Vyhqvvrq ^5:‘/ wkh xvh ri wklv prgho fdq eh prwlydwhg e| d
ydulhw| ri frqvlghudwlrqv1 Lq sduwlfxodu/ dowkrxjk lwv vlpsoh vwuxfwxuh idflolwdwhv wkh surgxfwlrq
ri ehqfkpdun uhvxowv/ wklv prgho dovr dsshduv wr urxjko| fdswxuh wkh ylhzv derxw wkh g|qdplfv
ri wkh hfrqrp| khog e| pdq| prqhwdu| srolf|pdnhuv1 Wkh hpslulfdo ?w ri wkh prgho lv dovr
txlwh jrrg frpsduhg/ iru h{dpsoh/ wr dq xquhvwulfwhg YDU1 Lqghhg/ wkh prgho fdq eh lqwhusuhwhg
dv d uhvwulfwhg YDU/ zkhuh wkh uhvwulfwlrqv lpsrvhg duh qrw dw rggv zlwk wkh gdwd dv mxgjhg/
iru h{dpsoh/ zlwk vwdqgdug prgho lqirupdwlrq fulwhuld +vhh Uxghexvfk dqg Vyhqvvrq ^5:‘,1:
Lq dgglwlrq/ wkh prgho dsshduv wr eh vwdeoh ryhu ydulrxv vxevdpsohv9dq lpsruwdqw frqglwlrq
iru gudzlqj lqihuhqfh1 Zlwk d edfnzdug0orrnlqj prgho/ wkh Oxfdv Fulwltxh pd| dsso| zlwk
sduwlfxodu irufh/ vr lw lv lpsruwdqw wr jdxjh lwv klvwrulfdo lpsruwdqfh zlwk hfrqrphwulf vwdelolw|
whvwv +Rolqhu/ Uxghexvfk/ dqg Vlfkho ^55‘,1 Iru h{dpsoh/ frqvlghu d vwdelolw| whvw iurp Dqguhzv
^4‘= wkh pd{lpxp ydoxh ri wkh olnholkrrg0udwlr whvw vwdwlvwlf iru vwuxfwxudo vwdelolw| ryhu doo
srvvleoh euhdnsrlqwv lq wkh plggoh :3 shufhqw ri wkh vdpsoh1 Iru rxu hvwlpdwhg lq dwlrq htxdwlrq/
wkh pd{lpxp olnholkrrg0udwlr whvw vwdwlvwlf lv 431;< +lq 4<:5=6,/ zkloh wkh 43 shufhqw fulwlfdo ydoxh
lv 47164 +iurp Wdeoh 4 lq Dqguhzv ^4‘,1 Vlploduo|/ iru wkh rxwsxw htxdwlrq/ wkh pd{lpxp vwdwlvwlf
lv 44184 +lq 4<;5=7,/ zkloh wkh 43 shufhqw fulwlfdo ydoxh lv 4515:1
8 Wkh hvwlpdwhv duh voljkwo| gl>huhqw iurp wkrvh lq Uxghexvfk dqg Vyhqvvrq ^5:‘ ehfdxvh ri gdwd uhylvlrqv dqg
d orqjhu vdpsoh1
9 Xvlqj uhfrqvwuxfwhg klvwrulfdo hxur0duhd gdwd/ wklv prgho kdv ehhq hvwlpdwhg e| Shhuvpdq dqg Vphwv ^59‘
dqg Wd|oru ^73‘1 Wkh| kdyh rewdlqhg frh!flhqw hvwlpdwhv wkdw duh forvh wr rxu X1V1 rqhv/ dowkrxjk zlwk orzhu
lq dwlrq shuvlvwhqfh1
: Vøghuvwuøp ^64‘ vfuxwlql}hv wkh Uxghexvfk0Vyhqvvrq prgho ixuwkhu1
75151 Dgglqj prqh| wr wkh prgho
Prqh| frxog eh dgghg wr wkh djjuhjdwh vxsso| dqg ghpdqg prgho ghvfulehg deryh lq d ydulhw|
ri zd|v1 Mxvw dv iru rxu vhohfwlrq ri htxdwlrqv +514, dqg +515,/ wkuhh frqvlghudwlrqv prwlydwh
rxu fkrlfh ri d prgho zlwk prqh|= vlpsolflw|/ frqjuxhqfh zlwk dfwxdo fhqwudo edqn prghov/
dqg hpslulfdo ?w wr wkh gdwd1 Shukdsv prvw lpsruwdqwo|/ zh dgg prqh| wr wkh prgho qrw
dv d 3vwudz pdq4/ exw lq d idvklrq frqvlvwhqw zlwk wkh ylhzv ri prqhwdu| srolf|pdnhuv1; Dv d
jhqhudo fkdudfwhul}dwlrq/ fhqwudo edqnhuv w|slfdoo| krog wkh ylhz wkdw pryhphqwv lq wkh prqhwdu|
djjuhjdwhv sod| hvvhqwldoo| qr uroh lq wkh gluhfw txduwhu0e|0txduwhu ghwhuplqdwlrq ri hlwkhu rxwsxw
ru sulfhv> krzhyhu/ d vl}deoh iudfwlrq dovr frqfhghv wkdw prqh| pd| kdyh vrph ydoxh dv dq
lqglfdwru ri hfrqrplf ghyhorsphqwv +h1j1/ Ph|hu ^53‘,1
Wklv ylhz ri wkh uroh ri prqhwdu| djjuhjdwhv lv hylghqw lq prvw fhqwudo edqn hpslulfdo srolf|
prghov1 Iru h{dpsoh/ Vphwv ^5<‘ vxuyh|v wkh fhqwudo edqn prghov iurp 45 gl>huhqw frxqwulhv
+lqfoxglqj 9 ri wkh frxqwulhv lq wkh hxur duhd, dqg qrwhv=
Lq prvw ri wkh fhqwudo edqnv* pdfurhfrqrphwulf prghov wkh wudqvplvvlrq phfkdqlvp
ri prqhwdu| srolf| lv prghoohg dv dq lqwhuhvw udwh wudqvplvvlrq surfhvv1 Wkh fhq0
wudo edqn vhwv wkh vkruw0whup lqwhuhvw udwh/ zklfk lq xhqfhv lqwhuhvw udwhv ryhu wkh
zkroh pdwxulw| vshfwuxp/ rwkhu dvvhw sulfhv/ dqg wkh h{fkdqjh udwh1 Wkhvh fkdqjhv
lq ?qdqfldo yduldeohv wkhq d>hfw rxwsxw dqg sulfhv wkurxjk wkh gl>huhqw vshqglqj
frpsrqhqwv1 Wkh uroh ri prqh| lv lq prvw fdvhv d sdvvlyh rqh/ lq wkh vhqvh wkdw
prqh| lv ghpdqg ghwhuplqhg1 ^5</ s1 559‘
Rxu prgho zloo lqfrusrudwh prqh| lq dq lghqwlfdo idvklrq1 Wkh dowhuqdwlyh/ zkhuh prqh|
sod|v d gluhfw uroh lq rxwsxw ru lq dwlrq ghwhuplqdwlrq vhsdudwh iurp lqwhuhvw udwhv/ kdv olwwoh
vxssruw dprqj fhqwudo edqnv ru lq wkh gdwd1 Iru h{dpsoh/ Jhuodfk dqg Vphwv ^<‘ ?wv p d o o
+rxwsxw/ lq dwlrq/ dqg lqwhuhvw udwh, YDUv wr hdfk ri wkh J: frxqwulhv dqg vwdwh= 3Lq suholplqdu|
zrun zh lqfrusrudwhg prqhwdu| djjuhjdwhv +P6 ru P5, lq wkh dqdo|vlv/ exw irxqg wkdw wkh|
dsshdu odujho| ghwhuplqhg e| prqh| ghpdqg vkrfnv wkdw lq wxuq kdyh olwwoh/ li dq|/ lpsdfw rq
wkh hfrqrp|4 +s1 4<4,1 Vlploduo|/ lq rxu DG0DV vwuxfwxudo prgho/ odjv ri prqh| +lq ohyhov ru
jurzwk udwhv, zhuh lqyduldeo| lqvljql?fdqw zkhq dgghg wr htxdwlrqv +514, dqg +515,1<
; Rxu dqdo|vlv ri prqh| zloo eh prvw frqylqflqj wr fhqwudo edqnhuv +lqfoxglqj wkrvh lq wkh Hxurv|vwhp/ zkr
duh/ ri frxuvh/ dprqj wkh prvw lpsruwdqw xowlpdwh frqvxphuv ri wklv uhvhdufk, li xvlqj d prgho wkdw lv vlplodu wr
wkh rqhv dfwxdoo| hpsor|hg1
< Wkhuh duh wzr sulpdu| fkdqqhov iru wkh txdqwlw| ri prqh| wr d>hfw djjuhjdwh ghpdqg gluhfwo|= d uhdo
edodqfh h>hfw dqg d edqn ohqglqj fkdqqho1 Wkh odfn ri X1V1 hylghqfh iru hlwkhu ri wkhvh wzr fkdqqhov lv qrwhg
lq/ uhvshfwlyho|/ Uhlivfkqhlghu/ hw do1 ^58‘ dqg Rolqhu dqg Uxghexvfk ^54‘1 Wkh zhdn frqwulexwlrq ri prqh|
lq suhglfwlqj lq dwlrq lv ghvfulehg lq Hvwuhood dqg Plvknlq ^;‘ dqg Vwrfn dqg Zdwvrq ^65‘1 Lq frqwudvw/ iru
uhfrqvwuxfwhg hxur0duhd gdwd/ Jhuodfk dqg Vyhqvvrq ^43‘ ?qg wkdw wkh 3sulfh jds4 lq wkh ￿
W prgho/ ru wkh
fruuhvsrqglqj 3uhdo prqh| jds4/ kdv pruh suhglfwlyh srzhu iru lq dwlrq wkdq wkh rxwsxw jds +dowkrxjk wklv
?qglqj vxssruwv qhlwkhu prqhwdu| wdujhwlqj qru d prqh|0jurzwk lqglfdwru,1
8Wkhuhiruh/ zh dgg prqh| wr rxu prgho zlwk d vhsdudwh prqh|0ghpdqg htxdwlrq/ zklfk lv
fdvw lq d vwdqgdug huuru0fruuhfwlrq irup1 Wkh orqj0uxq prqh|0ghpdqg ixqfwlrq lv
p| @ t| ￿ Ø￿l|> +518,
zkhuh p| lv wkh orj ri uhdo P5 +vfdohg e| 433,/ l1h1/ 433oq ￿2|
￿| 1 Lq wkh orqj uxq/ wkh ghpdqg iru
uhdo prqh| pryhv rqh0iru0rqh zlwk uhdo rxwsxw dqg qhjdwlyho| zlwk uhvshfw wr wkh lqwhuhvw udwh
+d sur{| iru wkh rssruwxqlw| frvw ri prqh|43,/ vr Ø￿/ wkh orqj0uxq lqwhuhvw udwh vhplhodvwlflw|/ lv
srvlwlyh1 Wkh vkruw0uxq prqh|0ghpdqg htxdwlrq wdnhv wkh irup
￿p|n￿ @ ￿Ø6+p| ￿ t| . Ø￿l|,.Ø ￿￿ p |.￿ | n￿/ +519,
zkhuh ￿p|n￿ ￿ p|n￿ ￿ p| lv wkh jurzwk udwh ri uhdo prqh| phdvxuhg lq shufhqw shu txduwhu/
dqg ￿| lv dq llg vkrfn zlwk yduldqfh ￿2
11 Dvvxplqj wkdw wkh vwrfn ri uhdo prqh| dgmxvwv wr lwv
orqj uxq dyhudjh/ t| ￿ Ø￿l|/ wkh huuru0fruuhfwlrq frh!flhqw Ø6 vkrxog eh srvlwlyh1
Ehiruh surylglqj hvwlpdwhv ri wkh prqh| ghpdqg htxdwlrq/ lw lv lqvwuxfwlyh wr h{dplqh wkh
orqj0uxq htxloleulxp frqglwlrq +518,1 Iljxuh 514 vkrzv wkh orj ri P5 yhorflw| +l1h1/ t| ￿p|,d q g
wkh lqwhuhvw udwh +l|,1 Dffruglqj wr frqglwlrq +518,/ wkhvh wzr yduldeohv vkrxog pryh wrjhwkhu
vr wkdw wkhlu gl>huhqfh lv vwdwlrqdu|1 Iru prvw ri wkh vdpsoh/ wklv fohduo| dsshduv wr eh wkh
fdvh +dqg/ iru h{dpsoh/ Kdoopdq/ Sruwhu dqg Vpdoo ^46‘ surylgh vxssruwlqj vwdwlvwlfdo hylghqfh,1
Lq wkh 4<<3*v/ krzhyhu/ wkhuh zdv d gudpdwlf lqfuhdvh lq yhorflw|/ dqg wkh klvwrulfdo orqj0uxq
uhodwlrqvkls reylrxvo| eurnh grzq1 Wkh fdxvh ri wklv xszdug vkliw lq yhorflw| lv vwloo ghedwhg/
exw lw lv olnho| wr eh olqnhg wr wkh xqxvxdo ulvh lq lqwhuhvw udwh whup vsuhdgv lq wkh hduo| 4<<3*v
dorqj zlwk dq lqfuhdvhg dydlodelolw| dqg oltxlglw| ri erqg dqg vwrfn pxwxdo ixqgv1 Wkhvh idfwruv
pd| kdyh wuljjhuhg d vljql?fdqwo| odujhu uroh iru vxfk pxwxdo ixqgv lq krxvhkrog sruwirolr fkrlfh
dqg dv d sd|phqw yhklfoh144
Lq dq| fdvh/ zh hvwlpdwh d prqh| ghpdqg htxdwlrq mxvw ryhu wkh uhodwlyho| vwdeoh wkuhh
ghfdghv ehiruh 4<<4/ dqg rxu vxevhtxhqw uxoh hydoxdwlrqv duh edvhg rq wklv htxdwlrq +dorqj
zlwk +516, dqg +517,,1 Zh uhvwulfw wkh prqh| ghpdqg vdpsoh ehfdxvh wkh 4<<3*v pd| uh hfw
v s h f l d of r q g l w l r q vl qw k hh y r o x w l r qr iX 1 V 1? qdqfldo lqvwlwxwlrqv wkdw duh qrw uhohydqw iru Hxursh1
Wkxv/ rxu dqdo|vlv +dqg dq| lpsolfdwlrqv iru wkh Hxurv|vwhp, dvvxphv d vwdeoh prqh| ghpdqg
uhodwlrqvkls olnh wkh rqh h{shulhqfhg e| wkh X1V1 ehiruh 4<<41 Krzhyhu/ wkh iroorzlqj fdyhdw
43 Prghov ri prqh| zlwk pruh lqvwlwxwlrqdo ghwdlo fdofxodwh wklv rssruwxqlw| frvw dv wkh gl>huhqfh ehwzhhq
wkh dowhuqdwlyh udwh iru dvvhwv wkdw duh vxevwlwxwhv wr prqh| dqg wkh rzq0udwh rq prqh| ghsrvlwv> krzhyhu/ vlqfh
g h s r v l wu d w h vd u ht x l w hv o x j j l v k /p x f kr iw k hy d u l d w l r ql qv x f kd qr s s r u w x q l w |f r v wf d qe hf d s w x u h gz l w km x v ww k h
dowhuqdwlyh udwh/ zklfk/ lq rxu fdvh/ lv wkh ixqgv udwh1 +Vhh/ iru h{dpsoh/ ?jxuh 6 lq Sruwhu dqg Vpdoo ^57‘1,
44 Vhh glvfxvvlrq e| Phkud ^4<‘ dqg Ruskdqlghv dqg Sruwhu ^56‘1
9Iljxuh 514= P5 yhorflw| dqg ihghudo ixqgv udwh
pxvw eh vwuhvvhg= jlyhq wkh srwhqwldo iru odujh vwuxfwxudo vkliwv lq Hxursh/ hvshfldoo| diwhu wkh
vkliw wr d prqhwdu| xqlrq/ rxu uhvxowv/ zklfk ljqruh wkh vwuxfwxudo vkliw lq prqh| ghpdqg wkdw
kdv douhdg| rffxuuhg lq wkh X1V1/ zloo fohduo| sxw prqh|0jurzwk wdujhwlqj lq d idyrudeoh oljkw1
Zh hvwlpdwh wkh orqj0 dqg vkruw0uxq prqh| ghpdqg htxdwlrqv mrlqwo| lq +519,1 Wkh uhvxowlqj
htxdwlrq hvwlpdwhg ryhu wkh vdpsoh 4<94=T4 wr 4<<3=T7 lv
￿p|n￿ @ ￿ =43; +p| ￿ t|, ￿ =468 l| . =937 ￿p| . ￿|n￿>
+=368, +=36:, +=3:<,
+51:,
, U2 @ =84> VH @3 = :34> GZ @4 = :<=
Frpsduhg zlwk rwkhu vwuxfwxudo hvwlpdwhv ri prqh| ghpdqg lq wkh olwhudwxuh/ +51:, dsshduv
wr eh d vlpsoh exw uhdvrqdeoh uhsuhvhqwdwlrq145 Wkh ydoxh ri wkh huuru fruuhfwlrq frh!flhqw +Ø6,
lqglfdwhv wkdw derxw 44 shufhqw ri wkh jds iurp wkh orqj0uxq htxloleulxp lv forvhg hdfk txduwhu1
Wklv lv hvvhqwldoo| wkh vdph frqyhujhqfh udwh hvwlpdwhg lq Phkud ^4<‘ dqg lq Sruwhu dqg Vpdoo
^57‘ lq pxfk odujhu dqg pruh ghwdlohg prqh| ghpdqg prghov1 Lq dgglwlrq/ wkhvh dxwkruv surylgh
hvwlpdwhv ri wkh g|qdplf uhvsrqvhv dqg wkh lqwhuhvw udwh vhpl0hodvwlflw| ri prqh| wkdw duh dovr
txlwh forvh wr rxu rzq +Ø￿ @4 = 58, +diwhu dffrxqwlqj iru rxu vfdolqj ri p|,1
45 Hvwlpdwhv ri vxfk huuru fruuhfwlrq prqh| ghpdqg htxdwlrqv xvlqj uhfrqvwuxfwhg klvwrulfdo hxur0duhd djjuh0
jdwhv duh vxuyh|hg lq Eurzqh/ Idjdq dqg Khqu| ^6‘1 Wkh dvvrfldwhg frh!flhqwv hvwlpdwhv dsshdu wr eh eurdgo|
lq olqh wr rxu X1V1 hvwlpdwhv1
:Ilqdoo|/ dv qrwhg deryh/ vwuxfwxudo vwdelolw| lv dq lpsruwdqw frqglwlrq iru srolf| lqihuhqfh1
Jlyhq wkh vshfwdfxodu idloxuhv wkdw kdyh olwwhuhg wklv ?hog +h1j1/ Khvv/ Mrqhv/ dqg Sruwhu ^47‘,/ zh
rqo| dqg txlwh kxpeo| qrwh wkdw ryhu rxu vkruwhqhg vdpsoh/ wkh vwdelolw| ri rxu prqh| ghpdqg
htxdwlrq lv qrw uhmhfwhg e| wkh Dqguhzv whvw +ghvfulehg deryh,1 Vshfl?fdoo|/ wkh pd{lpxp ydoxh
ri wkh olnholkrrg0udwlr whvw vwdwlvwlf iru vwuxfwxudo vwdelolw| ryhu doo srvvleoh euhdnsrlqwv lv <1<4
+lq 4<;4=4,/ zkloh wkh 43 shufhqw fulwlfdo ydoxh lv 4515: +iurp Wdeoh 4 lq Dqguhzv ^4‘,1
5161 Wkh orvv ixqfwlrq dqg wkh rswlpdo srolf|
Wkxv/ htxdwlrqv +514,/ +515, dqg +519, surylgh wkh djjuhjdwh vxsso|/ wkh djjuhjdwh ghpdqg dqg
prqh|0ghpdqg htxdwlrqv ri wkh hpslulfdo prgho ri wkh X1V1 hfrqrp|1 Wr frpsohwh wkh prgho/
zh dgg wkh uhodwlrq ehwzhhq rxwsxw/ wkh rxwsxw jds dqg srwhqwldo rxwsxw/
|| ￿ t| ￿ tW
|> +51;,
dqg pdnh wkh dvvxpswlrq wkdw srwhqwldo rxwsxw lv d udqgrp zdon/
tW
|n￿ @ tW
| . º|n￿/ +51<,
zkhuh º|n￿ lv dq llg vkrfn zlwk yduldqfh ￿2
w dqg phdq ￿w uhsuhvhqwlqj wkh xszdug jurzwk ri wkh
hfrqrp|1
Zh ixuwkhupruh vshfli| d orvv ixqfwlrq wkdw doorzv xv wr frpsduh lq dwlrq wdujhwlqj dqg
prqh|0jurzwk wdujhwlqj lq d frqyhqlhqw zd|1 Zh dvvxph wkdw wkh uhohydqw wdujhw yduldeoh xqghu
prqh|0jurzwk wdujhwlqj lv wkh irxu0txduwhu prqh| jurzwk udwh dw dq dqqxdo udwh/ ￿|/g h ? qhg dv
￿| ￿ +p| . s|, ￿ +p|3e . s|3e,@p |￿p | 3 e.￿ ￿ | +5143,
+uhfdoo wkdw p| lv +orj, uhdo prqh|,1 Iru frqyhqlhqfh zh vhw wkh lq dwlrq wdujhw dqg wkh prqh|0
jurzwk wdujhwv wr }hur/ vr ￿|/ ￿ ￿| dqg ￿| fdq eh lqwhusuhwhg dv ghyldwlrqv iurp wkh wdujhw1 Zh
wkhq dvvxph wkh orvv ixqfwlrq
ŁZYdu ^￿ ￿|‘.Ł +Ydu^||‘.Ł >Ydu^￿|‘.Ł { ￿Ydu ^l| ￿ l|3￿‘ > +5144,
zkhuh wkh sdudphwhuv ŁZ>Ł +>Ł >>Ł {￿ Ł3 duh wkh zhljkwv rq lq dwlrq vwdelol}dwlrq durxqg wkh
lq dwlrq wdujhw/ rxwsxw0jds vwdelol}dwlrq/ prqh|0jurzwk vwdelol}dwlrq durxqg wkh prqh|0jurzwk
wdujhw/ dqg lqwhuhvw0udwh vprrwklqj/ uhvshfwlyho|1 Zh qrupdol}h wkh zhljkwv wr vxp wr }hur1
Wkurxjkrxw/ zh dvvxph wkh zhljkw Ł{￿ @3 = 5 / zklfk fruuhvsrqgv wr wkh vwdqgdug zhljkw rq
;lqwhuhvw0udwh vprrwklqj lq Uxghexvfk dqg Vyhqvvrq ^5:‘1 Jlyhq wkh zhljkw rq lqwhuhvw0udwh
vprrwklqj/ zh khuh gh?qh  h{leoh lq dwlrq wdujhwlqj +ILW, dv ŁZ @ Ł+ @3 = 7 /Ł >@3 >vwulfw
lq dwlrq wdujhwlqj +VLW, dv ŁZ @3 = ; /Ł +@Ł >@3 >vwulfw rxwsxw0jds wdujhwlqj +VRW, dv Ł+ @3 = ; /
Ł Z @Ł > @3 >d q gvwulfw prqh|0jurzwk wdujhwlqj +VPW, dv Ł> @3 = ; /Ł Z@Ł +@3 1 46 Ioh{leoh
lq dwlrq wdujhwlqj fruuhvsrqgv wr wkh vwdqgdug fdvh h{dplqhg lq Uxghexvfk dqg Vyhqvvrq ^5:‘147
Plqlpl}lqj wkh orvv ixqfwlrq +5144, iru jlyhq zhljkwv dqg wkh prgho +514,/ +515, dqg +519,8
+5143,/ uhvxowv lq dq rswlpdo uhdfwlrq ixqfwlrq
l| @ i[|> +5145,
zkhuh i lv d urz yhfwru dqg [| l vdy h f w r ur iw k hv w d w hy d u l d e o h v 1 W k h qw k hy d u l d q f h vr iw k h
jrdo yduldeohv duh hdvlo| fdofxodwhg1 Vhh dsshqgl{ D iru ghwdlov1 E| ydu|lqj wkh zhljkwv/ zh
fdq fdofxodwh wkh uhdfwlrq ixqfwlrq dqg wkh yduldqfhv ri wkh jrdo yduldeohv iru hdfk wdujhwlqj
fdvh1 Zh xvh wkh hpslulfdo sdudphwhuv ri +514,/ +515, dqg +519,/ zlwk ￿0 @4 = 3;>￿ #@3 = ;5 dqg
￿1 @3 = :31 Wkh dfwxdo ￿w iru rxu srwhqwldo rxwsxw vhulhv lv htxdo wr 3=4<> krzhyhu/ wklv vhulhv
lv hvvhqwldoo| d vhjphqwhg ghwhuplqlvwlf wuhqg zlwk lqiuhtxhqw euhdnv> wkxv/ zh vhw ￿w htxdo wr
}hur/ zklfk zh lqwhusuhw dv fruuhvsrqglqj wr d ?{hg wuhqg148
61 Wkh h!flhqf| iurqwlhu dqg prqhwdu| wdujhwlqj iru wkh X1V1
Iljxuh 614 vxppdul}hv wkh uhvxowv rq wkh h!flhqf| iurqwlhu iru lq dwlrq dqg rxwsxw0jds yduldqfhv
iru wkh gl>huhqw wdujhwlqj fdvhv1 Wkh vrolg olqh vkrzv wkh h!flhqf| iurqwlhu/ wkh ehvw wudghr>
ehwzhhq lq dwlrq yduldqfh dqg rxwsxw0jds yduldqfh +jlyhq Ł{￿ @3 = 5 ,1 Lw lv jhqhudwhg e| vhwwlqj
Ł> @3 / ohwwlqj ŁZ @ =; ￿ Ł+/ dqg ohwwlqj Ł+ uxq iurp 3 wr =;/l qz k l f kf d v hŁ Zuxqv iurp 1; wr
31 Wkh srlqw VLW fruuhvsrqgv wr vwulfw lq dwlrq wdujhwlqj +ŁZ @ =;/ Ł+ @3 ,1 Srlqw ILW/  h{leoh
lq dwlrq wdujhwlqj/ fruuhvsrqgv wr ŁZ @ Ł+ @ =7/ wkh vwdqgdug fdvh h{dplqhg lq Uxghexvfk dqg
Vyhqvvrq ^5:‘1 Vwulfw rxwsxw wdujhwlqj +ŁZ @3 /Ł +@= ; ,o h d g vw rdy h u |k l j kl q  d w l r qy d u l d q f h /
dqg wkh fruuhvsrqglqj srlqw VRW lv idu wr wkh uljkw rxwvlgh wkh ?jxuh1
Wkh olqh zlwk vkruw gdvkhv fruuhvsrqgv wr fdvhv ri pl{hg lq dwlrq dqg prqh|0jurzwk wdujhw0
lqj/ wkdw lv/ zkhq Ł+ @3 /Ł Z@= ;￿Ł >dqg Ł> uxqv iurp 3 wr 1;/ lq zklfk fdvh ŁZ uxqv iurp 1; wr
31 Wkh srlqw VPW fruuhvsrqgv wr vwulfw prqhwdu| wdujhwlqj/ zkhq Ł> @ =; dqg ŁZ @ Ł+ @3 =Wkh
46 Q r w hw k d w /d vg l f x v v h gl qU x g h e x v f kd q gV y h q v v r q^ 5 : ‘ /z hx v hw k hw h u p3 wdujhwlqj4 wr uhihu wr wkh plql0
pl}dwlrq ri d orvv ixqfwlrq ryhu h{shfwhg ixwxuh ghyldwlrqv ri wkh wdujhw yduldeoh iurp d ghvluhg ohyho1
47 Uxghexvfk dqg Vyhqvvrq ^5:‘ xvh wkh zhljkwv bZ ’ b+ ’￿dqg bD ’f Ø Dlq wkhlu vwdqgdug fdvh1
48 Vphwv ^63‘ jhqhudol}hv rxu prgho wr doorz iru d vwrfkdvwlf wuhqg lq srwhqwldo rxwsxw/ dqg kh rewdlqv dq
hvwlpdwh ri jw ’f Ø .￿Ø Rxu uhvxowv zhuh urexvw wr yduldwlrq lq jw1
<Iljxuh 614= Yduldqfh wudghr>vi r u￿ ￿ |dqg ||
olqh zlwk orqj gdvkhv fruuhvsrqgv wr fdvhv ri pl{hg prqh|0jurzwk dqg rxwsxw0jds wdujhwlqj/
zlwk ŁZ @3 /Ł >@= ;￿Ł + dqg Ł+ uxqqlqj iurp 3 wr 1;/ lq zklfk fdvh Ł> uxqv iurp 1; wr 31
Lw iroorzv wkdw iru lqwhuphgldwh zhljkwv rq lq dwlrq vwdelol}dwlrq/ rxwsxw0jds vwdelol}dwlrq
dqg prqh|0jurzwk vwdelol}dwlrq/ wkh fruuhvsrqglqj frpelqdwlrq ri lq dwlrq dqg rxwsxw0jds
yduldqfh zloo eh lq wkh lqwhulru ri wkh duhd hqforvhg e| wkh wkuhh fxuyhv lq ?jxuh 6141 Wkxv/
zkhq wkhuh lv vrph srvlwlyh zhljkw rq prqh|0jurzwk vwdelol}dwlrq/ wkh uhvxowlqj frpelqdwlrq ri
lq dwlrq dqg rxwsxw0jds yduldelolw| zloo eh lqh!flhqw1
Wdeoh 41 Yduldqfhv dqg orvvhv
Wdujhwlqj fdvh ŁZ Ł+ Ł> Ł} Ydu^￿ ￿|‘ Ydu^||‘ Ydu^￿|‘Y d u ^ ￿ l | ‘Y d u ^ j | ‘ Orvv
41 ILW 17 17 3 3 8147 8147 4;19; 6148 :1<< 71:7
5 1 V L W 1 ;333 61:4 ;19: 67144 7178 91<6 81;7
61 VRW 3 1; 3 3 777<< 51<3 79839 4194 79835 4;934
71 VPW 3 3 1; 3 <1<6 <1:5 ;133 8139 <15< ;1;:
81 VPW/ vwdeoh 3 3 1; 3 <1:5 <167 8157 41<5 <134 ;134
91 QJW 3 3 3 1; <13; 56136 6<1:3 61:9 7199 46193
Qrwh= Iru doo fdvhv/ b{￿ ’ Ø2Ø Iru fdvh 8/ 3VPW/ vwdeoh% uhihuv wr vwdeoh prqh| ghpdqg/ wkdw lv/ j1 ’f Ø
Wkh ?uvw irxu urzv lq wdeoh 4 uhsruw wkh zhljkwv dqg yduldqfhv/ lqfoxglqj wkh yduldqfh ri
prqh| jurzwk dqg ri wkh ?uvw0gl>huhqfh ri wkh ihghudo ixqgv udwh/ iru wkh irxu wdujhwlqj fdvhv
glvfxvvhg +glvuhjdug wkh odvw wzr urzv dqg wkh froxpqv iru Ł} dqg Ydu^j|‘ iru wkh wlph ehlqj,1
Wkh odvw froxpq uhsruwv wkh orvv hydoxdwhg dw wkh zhljkwv iru  h{leoh lq dwlrq wdujhwlqj +ŁZ @
43Ł+ @ =7>Ł {￿@=5,1
6141 Uhdvrqv iru wkh lqh!flhqf| ri prqh|0jurzwk wdujhwlqj
Dv zh fdq vhh iurp ?jxuh 614 dqg wdeoh 4/ vwulfw prqhwdu| wdujhwlqj lv txlwh lqh!flhqw/ lq wkh
vhqvh ri lqfxuulqj dv kljk dq rxwsxw0jds yduldqfh dv vwulfw lq dwlrq wdujhwlqj exw fdxvlqj pxfk
kljkhu lq dwlrq yduldqfh1 Wkh orvv hydoxdwhg dw wkh vwdqgdug zhljkwv lv doprvw grxeoh wkh rqh
ri  h{leoh lq dwlrq wdujhwlqj1 Zkdw lv wkh uhdvrq iru wklv lqh!flhqf|B
Wkh frqyhqwlrqdo zlvgrp lv wkdw prqh|0jurzwk wdujhwlqj zloo eh h!flhqw li prqh| ghpdqg
lv vwdeoh dqg lqh!flhqw zkhq prqh| ghpdqg lv xqvwdeoh1 Dffruglqj wr frqyhqwlrqdo zlvgrp/
zlwk vwdeoh prqh| ghpdqg/ wkhuh zrxog eh d vwdeoh uhodwlrq ehwzhhq prqh| dqg sulfhv/ dqg
vwdeoh prqh| jurzwk zrxog lpso| vwdeoh lq dwlrq1 Frqyhuvho|/ zlwk xqvwdeoh prqh| ghpdqg/
wkhuh zrxog qrw eh d vwdeoh uhodwlrq ehwzhhq prqh|/ dqg vwdeoh prqh| jurzwk zrxog qrw lpso|
vwdeoh lq dwlrq1
Wkh frqyhqwlrqdo zlvgrp kdv ehhq fkdoohqjhg e| Vyhqvvrq ^66‘/ ^69‘ dqg ^6:‘/ zlwk wkh
dujxphqw wkdw wkh uhdfwlrq ixqfwlrq iru wkh lqwhuhvw udwh iroorzlqj iurp prqh|0jurzwk wdujhwlqj
lv txlwh gl>huhqw iurp wkh rswlpdo uhdfwlrq ixqfwlrq xqghu lq dwlrq wdujhwlqj dqg wkhuhiruh olnho|
wr eh lqh!flhqw1 Lq sduwlfxodu/ wkh uhdfwlrq ixqfwlrq lv dovr txlwh gl>huhqw xqghu wkh dvvxpswlrq
ri d frpsohwho| vwdeoh prqh| ghpdqg zlwkrxw dq| prqh|0ghpdqg vkrfnv1 Wkh suhvhqw hpslulfdo
prgho zlwk lwv hpslulfdo prqh|0ghpdqg ixqfwlrq doorzv xv wr h{dplqh wkhvh lvvxhv1
Wkh uhdfwlrq ixqfwlrq iroorzlqj iurp  h{leoh lq dwlrq wdujhwlqj/ srlqw ILW lq ?jxuh 614 dqg
urz 4 lq wdeoh 6/ lv
l| @ =;9￿| . =64￿|3￿ . =6:￿|32 . =45￿|3￿ .4 = 67|| ￿ =68||3￿ . =83l|3￿ ￿ =39l|32 ￿ =36l|3￿=
Lq frqwudvw/ wkh uhdfwlrq ixqfwlrq uhvxowlqj iurp vwulfw prqh|0jurzwk wdujhwlqj/ srlqw VPW lq
?jxuh 514 dqg urz 5 lq wdeoh 4/ lv
l| @ =;;￿| . =65￿|3￿ . =6:￿|32 . =43￿|3￿ . =<:|| ￿ =49||3￿ . =66l|3￿ ￿ =35l|32 ￿ =34l|3￿
.4=;6p| ￿ 4=85p|3￿ ￿ =64p|32 ￿ =4<p|3￿ . =4;tW
|=
Wkh uhdfwlrq ixqfwlrq iru prqhwdu| wdujhwlqj lv fohduo| txlwh gl>huhqw iurp wkh uhdfwlrq ixqfwlrq
xqghu  h{leoh lq dwlrq wdujhwlqj/ lq wkdw wkh lqwhuhvw udwh lq wkh odwwhu fdvh ghshqgv +zlwk vl}hdeoh
frh!flhqwv, rq fxuuhqw dqg odjjhg uhdo prqh| vwrfnv149
49 Wd|oru ^6<‘ revhuyhv wkdw prqh|0jurzwk wdujhwlqj zrxog lpso| d sduwlfxodu uhdfwlrq ixqfwlrq1 Kh frqfoxghv/
krzhyhu/ wkdw wkh uhdfwlrq zrxog qrw gl>hu wrr pxfk iurp wkh Wd|oru uxoh/ lq wkdw lw zrxog pdnh wkh lqwhuhvw
udwh d ixqfwlrq ri lq dwlrq dqg rxwsxw1 Krzhyhu/ dv zh fdq vhh/ wkh uhdfwlrq ixqfwlrq xqghu prqhwdu| wdujhwlqj
lv dfwxdoo| txlwh gl>huhqw iurp wkh Wd|oru uxoh/ lq lwv ghshqghqfh rq fxuuhqw dqg odjjhg uhdo prqh| vwrfnv1
44Lv wklv gl>huhqfh lq uhdfwlrq ixqfwlrqv vx!flhqw wr pdnh prqh|0jurzwk wdujhwlqj lqh!flhqw
iru d vwdeoh prqh|0ghpdqg ixqfwlrq dv zhooB Zh fdq h{dplqh wklv e| vhwwlqj wkh yduldqfh ri
wkh prqh|0ghpdqg vkrfnv htxdo wr }hur/ ￿2
1 @3 1 Wkh uhvxow ri vwulfw prqh|0jurzwk wdujhwlqj
zlwk vwdeoh prqh| ghpdqg lv vkrzq lq urz 8 lq wdeoh 4 dqg fdq eh frpsduhg wr urz 7/ zlwk
prqh|0ghpdqg vkrfnv1 Zkhuhdv wkh yduldqfh ri prqh| jurzwk lv vxevwdqwldoo| orzhu zlwk wkdq
zlwkrxw d vwdeoh prqh| ghpdqg/4: zh vhh wkdw wkh yduldqfhv ri lq dwlrq dqg wkh rxwsxw jds
duh rqo| voljkwo| orzhu lq urz 8 wkdq lq urz 7/ uhvxowlqj lq rqo| d voljkwo| orzhu orvv1 Lw iroorzv
wkdw wkh srlqw VPW zrxog rqo| vkliw voljkwo| wr wkh vrxwkzhvw lq ?jxuh 614/ vr wkdw wkh ?jxuh
zrxog orrn yhu| vlplodu zlwk vwdeoh prqh| ghpdqg1 Wkxv/ wkh lqh!flhqf| ri prqhwdu| wdujhwlqj
lv qrw gxh wr wkh lqvwdelolw| ri prqh| ghpdqg1 Lqvwhdg/ lw lv gxh wr wkh irup ri wkh g|qdplf
prqh|0ghpdqg ixqfwlrq dqg wkh uhvxowlqj uhdfwlrq ixqfwlrq14;
Wkdw prqh|0jurzwk wdujhwlqj grhv qrw lpso| orz dqg vwdeoh lq dwlrq lv ixuwkhu looxvwudwhg
lq ?jxuh 6151 Wkh fxuyh vkrzv wkh vxevwdqwldo wudghr> ehwzhhq lq dwlrq yduldelolw| dqg prqh|0
jurzwk yduldelolw|1 Lw fruuhvsrqgv wr wkh fxuyh zlwk vkruw gdvkhv lq ?jxuh 614 wkdw vkrzv fdvhv
ri pl{hg lq dwlrq wdujhwlqj dqg prqh|0jurzwk wdujhwlqj +wkdw lv/ zkhq Ł+ @3 /Ł Z@= ;￿Ł >
dqg Ł> uxqv iurp 3 wr 1;,1 Wkh gdvkhg fxuyh lq ?jxuh 615 vkrzv wkh vdph wudghr> zlwk vwdeoh
prqh| ghpdqg +￿1 @3 ,1 Wkh yduldelolw| ri prqh|0jurzwk lv ohvv/ exw wkhuh lv vwloo d vxevwdqwldo
wudghr> dqg/ dv zh kdyh vhhq deryh/ vwulfw prqh|0jurzwk wdujhwlqj vwloo fdxvhv d kljk lq dwlrq
yduldqfh1
6151 Qrplqdo JGS wdujhwlqj
Qrplqdo JGS wdujhwlqj kdv ehhq surprwhg e| Jrugrq ^44‘ dqg PfFdooxp ^49‘ dqg ^4:‘1 Zh
fdq hdvlo| h{dplqh qrplqdo JGS wdujhwlqj lq wkh suhvhqw iudphzrun1 Ohw xv dvvxph wkdw wkh
uhohydqw wdujhw yduldeoh lv irxu0txduwhu qrplqdo JGS jurzwk/ j|/g h ? qhg dv
j| ￿ +s| . t|, ￿ +s|3e . t|3e,@￿ ￿ |.t |￿t | 3 e= +614,
Z hf d qw k h qd g gw k hw h u pŁ } Ydu^j|‘ wr wkh orvv ixqfwlrq +5144,/ dqg uhsuhvhqw qrplqdo0JGS0
jurzwk wdujhwlqj +QJW, e| Ł} @3 = ;dqg Ł{￿ @3 = 5 1 Wkh uhtxluhg prgl?fdwlrqv ri wkh prgho
duh ghwdlohg lq dsshqgl{ G1
4: Uhdghuv pd| zrqghu zk| wkh yduldqfh ri prqh| jurzwk lv qrw }hur xqghu vwulfw prqhwdu| wdujhwlqj zlwk d
vwdeoh prqh| ghpdqg1 Wkh uhdvrqv duh wzr0irog1 Iluvw/ lw lv wkh ghpdqg iru uhdo prqh| wkdw lv vwdeoh/ vr qrplqdo
prqh| jurzwk vwloo ydulhv zlwk lq dwlrq1 Vhfrqg/ wkh zhljkw rq lqwhuhvw0udwh vprrwklqj lpsolhv wkdw prqh| jurzwk
lv vwdelol}hg vrphzkdw ohvv wkdq zkdw lv ihdvleoh1
4; Wkh vwuxfwxuh ri wkh uhdfwlrq ixqfwlrq lv ixuwkhu h{dplqhg lq dsshqgl{ E iru wkh fdvh ri vwulfw prqh|0jurzwk
wdujhwlqj zlwkrxw lqwhuhvw0udwh vprrwklqj +b> ’￿dqg b{￿ ’f ,1
45Iljxuh 615= Yduldqfh wudghr>vi r u￿ ￿ |dqg ￿|
Wkh froxpq iru Ydu^j|‘ lq wdeoh 4 uhsruwv wkh yduldqfh ri qrplqdo0JGS jurzwk iru doo wkh
wdujhwlqj fdvhv1 Urz 9 uhsruwv wkh yduldqfhv iru qrplqdo0JGS0jurzwk wdujhwlqj1 Qdwxudoo|/ wkh
yduldqfh ri qrplqdo0JGS jurzwk lv wkhq wkh orzhvw1 Zh vhh wkdw wkh yduldqfh ri lq dwlrq lv kljk/
dqg wkdw wkh yduldqfh ri wkh rxwsxw jds lv sduwlfxoduo| kljk1 Wkh fruuhvsrqglqj srlqw QJW lv
idu wr wkh uljkw rxwvlgh ?jxuh 5141
Wkxv/ qrplqdo0JGS0jurzwk wdujhwlqj zrxog eh d yhu| lqh!flhqw srolf|/ hyhq zruvh wkdq
vwulfw prqh|0jurzwk wdujhwlqj1 Wkh uhdvrq iru wklv lqh!flhqf| lv dssduhqwo| wkh rqh srlqwhg rxw
e| Edoo ^5‘ dqg ixuwkhu glvfxvvhg lq Vyhqvvrq ^67‘/ PfFdooxp ^4;‘/ Ghqqlv ^9‘ dqg Jxhqghu ^45‘1
Vlqfh prqhwdu| srolf| d>hfwv rxwsxw zlwk d vkruwhu odj wkdq iru lq dwlrq/ qrplqdo0JGS jurzwk
fdq eh vwdelol}hg e| rxwsxw dgmxvwphqwv dw d uhodwlyho| vkruw krul}rq zkhq lq dwlrq lv suhgh0
whuplqhg1 Wkhvh rxwsxw dgmxvwphqwv/ lq wxuq/ ohdg wr kljk yduldelolw| ri lq dwlrq/ zklfk wkhq
uhtxluhv hyhq kljkhu rxwsxw yduldelolw| lq rughu wr vwdelol}h qrplqdo0JGS jurzwk1 Wkh srvlwlyh
zhljkw rq lqwhuhvw0udwh vprrwklqj suhyhqwv wklv iurp ghyhorslqj lqwr frpsohwh lqvwdelolw|1
4671 Ohvvrqv iru wkh Hxurv|vwhp
7141 D ohvvrq derxw prqh|0jurzwk wdujhwlqj
Deryh/ zh kdyh vkrzq lq d vlpsoh hpslulfdo prgho wkdw prqh|0jurzwk wdujhwlqj fdq eh txlwh
lqh!flhqw/ lq wkh vhqvh ri lqgxflqj ryhuo| yduldeoh lq dwlrq ru rxwsxw1 Dv qrwhg lq wkh lqwur0
gxfwlrq/ wkh prqhwdu| srolf| vwudwhj| ri wkh Hxurv|vwhp dvvljqv d surplqhqw uroh wr prqh|
jurzwk1 Lq sduwlfxodu/ wkh ghyldwlrq ri fxuuhqw P6 jurzwk iurp d uhihuhqfh ydoxh lv lqwhusuhwhg
dv dq lqglfdwru ri wkh ulvn wr sulfh vwdelolw|1 Krzhyhu/ wkh Hxurv|vwhp kdv uhmhfwhg prqhwdu|
w d u j h w l q j /e |h p s k d v l } l q jw k d wp r q h |j u r z w kz l o oq r we hd ql q w h u p h g l d w hw d u j h ww re he u r x j k w
lq olqh zlwk wkh uhihuhqfh ydoxh1 Lvvlqj ^48‘ lv txlwh h{solflw rq wklv=
^W‘kh prqhwdu| srolf| vwudwhj| vhohfwhg e| wkh HVFE lv qrw d yduldqw ri lqwhuphgldwh
prqhwdu| wdujhwlqj111 Fhuwdlq whfkqlfdo suh0frqglwlrqv kdyh wr eh phw ehiruh d prq0
hwdu| wdujhwlqj vwudwhj| lv ihdvleoh1 Vshfl?fdoo|/ dq lqwhuphgldwh prqhwdu| wdujhw
zrxog rqo| eh d phdqlqjixo jxlgh wr prqhwdu| srolf| li d vwdeoh uhodwlrqvkls h{lvwhg
ehwzhhq prqh| dqg sulfhv/ dqg prqh| zdv frqwuroodeoh lq wkh vkruw uxq xvlqj srolf|
ghwhuplqhg lqwhuhvw udwhv111
Ixwxuh vkliwv lq wkh yhorflw| ri prqh| duh fhuwdlqo| srvvleoh9shukdsv hyhq olnho|1
Wkh| fdqqrw eh suhglfwhg zlwk fhuwdlqw|1 Pruhryhu/ lw lv qrw fohdu zkhwkhu wkrvh
djjuhjdwhv wkdw kdyh wkh ehvw uhvxowv lq whupv ri vwdelolw| duh vx!flhqwo| frqwuro0
odeoh lq wkh vkruw0whup zlwk wkh srolf| lqvwuxphqwv dydlodeoh wr wkh HVFE1 Lq wkhvh
flufxpvwdqfhv/ uho|lqj rq d sxuh prqhwdu| wdujhwlqj vwudwhj| zrxog frqvwlwxwh dq
xquhdolvwlf/ dqg wkhuhiruh plvjxlghg/ frpplwphqw1
Wkxv/ dffruglqj wr Lvvlqj/ wkh Hxurv|vwhp kdv uhmhfwhg prqhwdu| wdujhwlqj iru wkh Hxurv|v0
whp/ rq wkh jurxqgv wkdw prqh| ghpdqg lv olnho| wr eh xqvwdeoh dqg qrw vx!flhqwo| frqwuroodeoh1
W k hl p s o l f d w l r qv h h p vw re hw k d w /l ih x u rp r q h |g h p d q gk d ge h h qi r x q gw re hv w d e o hd q gv x ! 0
flhqwo| frqwuroodeoh/ prqh|0jurzwk wdujhwlqj zrxog kdyh ehhq dssursuldwh1 Ixuwkhupruh/ li wkh
Hxurv|vwhp zrxog/ lq wkh ixwxuh/ ?qg wkdw prqh| ghpdqg lv vwdeoh dqg vx!flhqwo| frqwuroodeoh/
prqh|0jurzwk wdujhwlqj pljkw eh dssursuldwh dqg wkh prqh|0jurzwk lqglfdwru pljkw fkdqjh
vwdwxv dqg ehfrph dq lqwhuphgldwh wdujhw yduldeoh1
Wkh hpslulfdo ghpdqg ixqfwlrq iru X1V1 P5 wkdw zh kdyh hvwlpdwhg lv txlwh zhoo0ehkdyhg1
E| h{foxglqj wkh shulrg diwhu 4<<4 iurp wkh vdpsoh/ zh rewdlq d uhodwlyho| vwdeoh prqh|0ghpdqg
ixqfwlrq zlwk d jrrg ?w dqg vpdoo prqh|0ghpdqg vkrfnv1 Ixuwkhupruh/ prqh| lv txlwh frqwuro0
odeoh lq wklv htxdwlrq/ zlwk d vhplhodvwlflw| ri rqh0txduwhu0dkhdg uhdo dqg qrplqdo prqh| zlwk
uhvshfw wr wkh ihghudo ixqgv udwh jlyhq e| Ø6Ø￿ @ =4681 Qhyhuwkhohvv/ hyhq zlwk wklv zhoo0ehkdyhg
prqh| ghpdqg ixqfwlrq/ prqh|0jurzwk wdujhwlqj zrxog eh yhu| lqh!flhqw lq wkh X1V1 Hyhq li
47zh zhuh wr vhw wkh prqh|0ghpdqg vkrfnv htxdo wr }hur dqg pdnh wkh prqh|0ghpdqg htxdwlrq
frpsohwho| vwdeoh/ wkh h!flhqf| ri prqh|0jurzwk wdujhwlqj zrxog lpsuryh rqo| voljkwo|1
Vlploduo|/ li wkh hxur0duhd hfrqrp| fdq eh uhdvrqdeo| zhoo ghvfulehg e| d v|vwhp ri htxdwlrqv
qrw wrr glvvlplodu iurp rxu prgho +dv dujxhg lq wkh lqwurgxfwlrq,/ zh pxvw frqfoxgh wkdw prqh|0
jurzwk wdujhwlqj e| wkh Hxurv|vwhp lv olnho| wr eh txlwh lqh!flhqw/ hyhq xqghu wkh h{wuhph
dvvxpswlrq ri d frpsohwho| vwdeoh prqh| ghpdqg1 Wkxv/ rqh pdlq ohvvrq iru wkh Hxurv|vwhp
vhhpv wr eh wkdw lw zrxog eh zlvh wr frqwlqxh uhmhfwlqj prqh|0jurzwk wdujhwlqj/ uhjdugohvv ri
zkhwkhu wkh ghpdqg iru hxur P6 lv vwdeoh ru qrw/ dqg uhjdugohvv ri krz frqwuroodeoh lw lv1
7151 D ohvvrq derxw wkh prqh|0jurzwk lqglfdwru
Hyhq wkrxjk wkh Hxurv|vwhp kdv uhmhfwhg prqh|0jurzwk wdujhwlqj/ lw pdlqwdlqv wkdw wkh prqh|0
jurzwk lqglfdwru lv d fuxfldo lqglfdwru iru lwv sulfh0vwdelolw|0rulhqwhg prqhwdu| srolf|1 Lqghhg/
vlqfh wkh prqh|0jurzwk lqglfdwru kdv ehhq hohydwhg wr eh rqh ri wkh wzr 3slooduv4 vxssruwlqj
Hxurv|vwhp prqhwdu| srolf|/ wkh lpsuhvvlrq lv wkdw wkh Hxurv|vwhp zloo jlyh lw dw ohdvw wkh
vdph zhljkw dv lwv lqwhuqdo lq dwlrq iruhfdvwv1 Vyhqvvrq ^6:‘ dqg ^6;‘ kdv fulwlfl}hg wkh hpskdvlv
rq wkh prqh|0jurzwk lqglfdwru dqg dujxhg wkdw lw lv olnho| wr eh d srru lqglfdwru ri wkh ulvn
wr sulfh vwdelolw|1 Lq h>hfw/ rq wkhruhwlfdo jurxqgv/ lw dsshduv wr pdlqo| eh d qrlv| lqglfdwru
ri fxuuhqw lq dwlrq/ udwkhu wkdq d jrrg suhglfwru ri ixwxuh lq dwlrq dw krul}rqv uhohydqw iru
prqhwdu| srolf| ghflvlrqv1
Fdq zh vd| dq|wklqj derxw wkh olnho| shuirupdqfh ri wkh prqh|0jurzwk lqglfdwru iurp
wkh hpslulfdo prgho lq wkh suhvhqw sdshuB Wkh lvvxh erlov grzq wr krz zhoo prqh| jurzwk
suhglfwv ixwxuh lq dwlrq1 Zh h{dplqh wklv e| fdofxodwlqj wkh fruuhodwlrq ehwzhhq prqh| jurzwk
dqg wzr gl>huhqw lq dwlrq iruhfdvwv14< Iluvw/ zh kdyh wkh 3xqfkdqjhg0lqwhuhvw0udwh4 iruhfdvw ri
irxu0txduwhu lq dwlrq W txduwhuv dkhdg/ ghqrwhg ￿ ł|nA￿|+l|3￿,1 Wklv lv wkh iruhfdvw frqglwlrqdo
rq dq xqfkdqjhg lqwhuhvw udwh/ l|n￿ @ l|3￿ iru Æ Ł 3/ dqg wkh fxuuhqw vwdwh ri wkh hfrqrp|1
Vyhqvvrq ^6:‘ dujxhv wkdw wkh ehvw lqglfdwru ri wkh ulvn wr sulfh vwdelolw| lv wkh ghyldwlrq ehwzhhq
dq xqfkdqjhg0lqwhuhvw0udwh iruhfdvw dqg wkh lq dwlrq wdujhw1 Wklv lqglfdwru reylrxvo| vljqdov
e| krz pxfk wkh lq dwlrq wdujhw lv olnho| wr eh plvvhg li wkhuh lv qr srolf| dgmxvwphqw1 Lw
dovr vljqdov wkh gluhfwlrq dqg wkh pdjqlwxgh ri wkh rswlpdo lqvwuxphqw dgmxvwphqw1 Wkhq/
wkh fruuhodwlrq ri fxuuhqw prqh| jurzwk zlwk wkh xqfkdqjhg0lqwhuhvw0udwh iruhfdvw iru gl>huhqw
krul}rqv vkrxog eh d jrrg phdvxuh ri wkh shuirupdqfh ri wkh prqh|0jurzwk lqglfdwru1 Vhfrqg/
4< W k h v hw z rl q  d w l r qi r u h f d v w vd u hg l v f x v v h gl qg h w d l ol qU x g h e x v f kd q gV y h q v v r q^ 5 : ‘ 1
48zh kdyh wkh 3htxloleulxp4 iruhfdvw ri irxu0txduwhu lq dwlrq W txduwhuv dkhdg/ ghqrwhg ￿ ￿|nA￿|1
Wklv lv wkh iruhfdvw frqglwlrqdo rq wkh rswlpdo uhdfwlrq ixqfwlrq +5145, dqg wkh fxuuhqw vwdwh ri
wkh hfrqrp|1
Wkh fruuhodwlrq frh!flhqwv iru wkh fruuhodwlrq ri fxuuhqw prqhwdu| jurzwk zlwk xqfkdqjhg0
lqwhuhvw0udwh dqg htxloleulxp lq dwlrq iruhfdvwv/ Fruu^￿|> ￿ ł|nA￿|+l|3￿,‘ dqg Fruu^￿|> ￿ ￿|nA￿|‘/d u h
uhsruwhg lq wdeoh 5/ iru wkh fdvh ri  h{leoh lq dwlrq wdujhwlqj +ŁZ @ Ł+ @ =7/ Ł{￿ @ =5,d q gi r u
gl>huhqw krul}rqv W153 Zh vhh wkdw iru orqjhu krul}rqv/ wkh fruuhodwlrq lv kljkhu zlwk xqfkdqjhg0
lqwhuhvw0udwh lq dwlrq iruhfdvwv wkdq iru htxloleulxp iruhfdvwv1 Vwloo/ wkh fruuhodwlrq lv txlwh orz
dqg grhv qrw h{fhhg 161 Iru krul}rqv durxqg ; txduwhuv/ zklfk duh riwhq uhihuuhg wr dv prvw
uhohydqw iru prqhwdu| srolf|/ wkh fruuhodwlrq frh!flhqwv duh dv orz dv 146 ru 1491 Zh frqfoxgh
wkdw wkh prqh|0jurzwk lqglfdwru lv lqghhg d srru lqglfdwru ri ulvnv wr sulfh vwdelolw|1
Wdeoh 51 Fruuhodwlrqv ri prqh| jurzwk zlwk lq dwlrq iruhfdvwv
Krul}rq +txduwhuv,
W|sh ri lq dwlrq iruhfdvw 457; 4 5 4 9
Xqfkdqjhg0lqwhuhvw0udwh iruhfdvw 14; 149 146 149 158 15:
Htxloleulxp iruhfdvw 14; 149 146 146 147 147
Wklv frqfoxvlrq grhv qrw fkdqjh/ hyhq li prqh| ghpdqg lv frpsohwho| vwdeoh1 Wkh fruuhodwlrqv
iru wklv fdvh duh uhsruwhg lq wdeoh 61 Dowkrxjk wkh fruuhodwlrq lv qdwxudoo| kljkhu zlwk vwdeoh
prqh| ghpdqg/ wkh fruuhodwlrq frh!flhqwv vwloo gr qrw h{fhhg 1681
Wdeoh 61 Fruuhodwlrqv ri prqh| jurzwk zlwk lq dwlrq iruhfdvwv/
vwdeoh prqh| ghpdqg
Krul}rq +txduwhuv,
W|sh ri lq dwlrq iruhfdvw 457; 4 5 4 9
Xqfkdqjhg0lqwhuhvw0udwh iruhfdvw 155 153 14: 153 165 166
Htxloleulxp iruhfdvw 155 153 149 149 14: 14;
Wkxv/ zlwk uhjdug wr wkh surshuwlhv ri prqh| jurzwk lq wkh hxur duhd/ wkh pdlq ohvvrq lv
wkdw lw lv olnho| wr eh d udwkhu lqihulru lqglfdwru ri ixwxuh lq dwlrq1
81 Frqfoxvlrqv
Xvlqj dq hpslulfdo prgho ri X1V1 lq dwlrq/ rxwsxw dqg prqh|/ zh frpsduh wkh shuirupdqfh
ri prqhwdu| wdujhwlqj uhodwlyh wr lq dwlrq wdujhwlqj1 Zh h{foxgh wkh shulrg iurp 4<<4/ zkhq
P5 prqh| ghpdqg glvsod|hg frqvlghudeoh lqvwdelolw|/ iurp wkh vdpsoh shulrg iru wkh prqh|0
ghpdqg hvwlpdwlrq1 Dv d uhvxow/ rxu hvwlpdwhg prqh|0ghpdqg htxdwlrq lv txlwh zhoo0ehkdyhg
zlwk prghudwh prqh|0ghpdqg vkrfnv dqg frqwuroodeoh prqh| ghpdqg1
53 Dsshqgl{ F ghulyhv dqdo|wlfdo h{suhvvlrqv iru wkhvh fruuhodwlrq frh!flhqwv1
49Qhyhuwkhohvv/ rxu uhvxowv xqdpeljxrxvo| vkrz wkdw prqhwdu| wdujhwlqj zrxog eh txlwh lqhi0
?flhqw iru wkh X1V1/ lq wkh vhqvh ri eulqjlqj pxfk kljkhu yduldelolw| ri lq dwlrq dqg wkh rxwsxw
jds wkdq lq dwlrq wdujhwlqj1 Ixuwkhupruh/ vhwwlqj prqh|0ghpdqg vkrfnv htxdo wr }hur dqg
wkxv dvvxplqj d frpsohwho| vwdeoh prqh| ghpdqg rqo| pdujlqdoo| uhgxfhv wkh lqh!flhqf| ri
prqhwdu| wdujhwlqj1
Wkxv/ frxqwhu wr frqyhqwlrqdo zlvgrp/ rxu uhvxowv lqglfdwh wkdw prqhwdu| wdujhwlqj lv qrw
pdlqo| lqh!flhqw gxh wr srwhqwldo lqvwdelolw| ri prqh| ghpdqg1 Lqvwhdg/ wkh lqh!flhqf| ri
prqhwdu| wdujhwlqj lv frqqhfwhg wr wkh surshuwlhv ri wkh uhdfwlrq ixqfwlrq ru wkh fhqwudo edqn*v
lqvwuxphqw iroorzlqj iurp prqhwdu| wdujhwlqj1 Wkh g|qdplfv ri prqh| ghpdqg lv vxfk wkdw wkh
uhvxowlqj uhdfwlrq ixqfwlrq lv txlwh xqvxlwdeoh iru vwdelol}lqj lq dwlrq dqg wkh rxwsxw jds/ hyhq
li wkhuh duh qr vkrfnv wr prqh| ghpdqg1 Wkxv/ dv dujxhg rq wkhruhwlfdo jurxqgv lq Vyhqvvrq
^66‘/ ^69‘ dqg ^6:‘/ wkh uhdvrqv iru wkh srru shuirupdqfh ri prqhwdu| wdujhwlqj duh ghhshu dqg
pruh ixqgdphqwdo wkdq wkh lqvwdelolw| ri prqh| ghpdqg1
Wkh ohvvrqv iru wkh Hxurv|vwhp duh reylrxv1 Iruwxqdwho|/ wkh Hxurv|vwhp kdv uhmhfwhg prq0
hwdu| wdujhwlqj dqg hpskdvl}hg wkdw wkh ghyldwlrq ri prqh| jurzwk iurp wkh uhihuhqfh ydoxh
lv wr eh xvhg dv dq lqglfdwru ri ulvnv wr sulfh vwdelolw| udwkhu wkdq dv dq lqwhuphgldwh wdujhw
yduldeoh1 Qhyhuwkhohvv/ wkh Hxurv|vwhp kdv jlyhq d surplqhqw uroh wr wklv lqglfdwru dqg hohydwhg
lw wr wkh vwdwxv ri rqh ri wzr slooduv vxssruwlqj lwv prqhwdu| srolf|/ wkh rwkhu sloodu ehlqj wkh
Hxurv|vwhp*v lqwhuqdo lq dwlrq iruhfdvw1 Wkhuh vhhpv wr eh qr vxssruw iru wkdw hohydwlrq ri
wkh prqh|0jurzwk lqglfdwru1 Rxu uhvxowv lqglfdwh wkdw wkh prqh|0jurzwk lqglfdwru kdv txlwh d
orz fruuhodwlrq zlwk lq dwlrq iruhfdvwv/ erwk xqfkdqjhg0lqwhuhvw0udwh dqg htxloleulxp iruhfdvwv1
Wkhuhiruh/ prqh| jurzwk lv olnho| wr eh d srru lqglfdwru ri ulvnv wr sulfh vwdelolw|154 Wklv lv hyhq
pruh sureohpdwlf vlqfh wkh Hxurv|vwhp kdv dqqrxqfhg wkdw lw zloo nhhs lwv lqwhuqdo lq dwlrq
iruhfdvwv vhfuhw dqg xvh wkh prqh|0jurzwk lqglfdwru dqg wkh uhihuhqfh ydoxh dv wkh pdlq frp0
pxqlfdwlqj ghylfh zlwk wkh pdunhw dqg wkh jhqhudo sxeolf1 Lqvwhdg ri wkh prqh|0jurzwk ehlqj
rqh ri wzr slooduv/ lw vkrxog udwkhu/ dw prvw/ eh rqh eulfn dprqj pdq| lq wkh frqvwuxfwlrq ri
lq dwlrq dqg rxwsxw8jds iruhfdvwv wkdw zloo eh wkh fuxfldo lqsxw lq lwv prqhwdu| srolf| ghflvlrqv1
Lq sdvvlqj/ zh kdyh dovr vkrzq wkdw qrplqdo0JGS wdujhwlqj/ lq rxu hpslulfdo prgho ri
wkh X1V1 hfrqrp|/ zrxog eh dq hyhq pruh lqh!flhqw srolf| wkdq prqhwdu| wdujhwlqj1 Vlqfh
prqhwdu| srolf| uhdolvwlfdoo| d>hfwv rxwsxw zlwk d vkruwhu odj wkdq iru lq dwlrq/ qrplqdo0JGS
54 Jhuodfk dqg Vyhqvvrq ^43‘/ dowkrxjk ?qglqj vxevwdqwldo hpslulfdo vxssruw iru wkh 3uhdo prqh| jds4 dv d
suhglfwru ri ixwxuh lq dwlrq/ dovr ?qg wkdw wkh Hxurv|vwhp prqh|0jurzwk lqglfdwru lv olnho| wr eh d srru lqglfdwru
ri ixwxuh lq dwlrq1
4:jurzwk fdq eh vwdelol}hg e| rxwsxw dgmxvwphqwv dw d uhodwlyho| vkruw krul}rq/ iru zklfk lq dwlrq
lv suhghwhuplqhg1 Wkhvh rxwsxw dgmxvwphqwv/ lq wxuq/ ohdg wr kljk yduldelolw| ri lq dwlrq/ zklfk
wkhq uhtxluhv hyhq kljkhu rxwsxw yduldelolw| lq rughu wr vwdelol}h qrplqdo0JGS jurzwk1
4;D1 Wkh rswlpl}dwlrq sureohp





zkhuh wkh shulrg orvv ixqfwlrq lv
O| @ ŁZ￿ ￿|
2 . Ł+|2
| . Ł>￿2
| . Ł{￿ +l| ￿ l|3￿,
2 = +D15,
Zkhq ￿ $ 4/ wkh orvv ixqfwlrq +D14, zlwk +D15, dssurdfkhv H^O|‘ zklfk htxdov +5144,1
Wkh prgho +514,/ +515, dqg +519,8+51<, kdv d frqyhqlhqw vwdwh0vsdfh uhsuhvhqwdwlrq/
[|n￿ @ D[| . El| .x|n￿= +D16,
Wkh 48ß4 yhfwru [| ri vwdwh yduldeohv/ wkh 48ß48 pdwul{ D/w k h4 8 ß 4 froxpq yhfwru E/d q gw k h
48ß4 froxpq glvwxuedqfh yhfwru x| duh jlyhq e|
[| @
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zkhuh D￿fØ/ wkh 43wk urz ri wkh pdwul{ D/ lv jlyhq e|
D￿fu @+ 4￿Ø 6.Ø ￿, h ￿f ￿ Ø￿h￿￿ . Ø6+hD . h￿D,>
h￿ +m @3 > 4 >===>48, ghqrwhv d 4ß48 urz yhfwru/ iru m @3zlwk doo hohphqwv htxdo wr }hur/ iru
m @4 >===>48 zlwk hohphqw m htxdo wr xqlw| dqg doo rwkhu hohphqwv htxdo wr }hur> dqg zkhuh h￿G&
+m?n ,g h q r w h vd4 ß 48 u r zy h f w r uz l w kh o h p h q w vm>m .4>===>n htxdo wr ￿
e d q gd o or w k h uh o h p h q w v
htxdo wr }hur1
Ixuwkhupruh/ lw lv frqyhqlhqw wr gh?qh wkh 7ß4 yhfwru \| ri jrdo yduldeohv1 Lw ixo?oov
\| @ Ff[| . F￿l|> +D17,



































Wkhq/ wkh shulrg orvv ixqfwlrq fdq eh zulwwhq
O| @ \ ￿
| N\|> +D18,
zkhuh wkh 7ß7 pdwul{ N kdv wkh gldjrqdo +ŁZ>Ł +>Ł >>Ł {￿,dqg doo lwv r>0gldjrqdo hohphqwv duh
htxdo wr }hur1
Zlwk +D16,/ +D14, dqg +D15,/ wkh sureohp lv zulwwhq lq d irup frqyhqlhqw iru wkh vwdqgdug
vwrfkdvwlf olqhdu uhjxodwru sureohp +fi1 Fkrz ^7‘ dqg Vdujhqw ^5;‘,1 Plqlpl}lqj +D14, lq hdfk
txduwhu/ vxemhfw wr +D16, dqg wkh fxuuhqw vwdwh ri wkh hfrqrp|/ [|/ uhvxowv lq d olqhdu ihhgedfn
uxoh iru wkh lqvwuxphqw ri wkh irup +5145,1 Pruh suhflvho|/ wkh rswlpdo lqvwuxphqw uxoh lv wkh








zkhuh wkh 48 ß 48 pdwul{ Y ixo?oov wkh Ulffdwl htxdwlrq
Y @ T . Xi .i￿X￿.i￿Ui . ￿P￿YP>





Ixuwkhupruh/ wkh rswlpdo ydoxh ri +D14, lv
+4 ￿ ￿,[￿
|Y[ |.￿wudfh+Y ￿￿￿,> +D19,
zkhuh ￿￿￿ @H ^ x | x ￿
| ‘lv wkh fryduldqfh pdwul{ ri wkh glvwxuedqfh yhfwru1 Lq wkh olplw zkhq ￿
dssurdfkhv 4/ wkh rswlpdo uxoh frqyhujhv wr wkh rqh plqlpl}lqj +5144, dqg wkh rswlpdo ydoxh ri
+5144, lv
H^O |‘@w u d f h+ Y￿ ￿￿,= +D1:,
Iru dq| uhdfwlrq ixqfwlrq ri wkh irup +5145,/ wkh g|qdplfv ri wkh prgho iroorzv
[|n￿ @ P[|.x|n￿ +D1;,
\| @ F[|> +D1<,
53zkhuh wkh pdwulfhv P dqg F duh jlyhq e|
P @ D . Ei +D143,
F @ Ff . F￿i= +D144,
I r ud q |j l y h qu h d f w l r qi x q f w l r qiuhvxowlqj lq ?qlwh xqfrqglwlrqdo yduldqfhv ri wkh jrdo







@w u d f h+ N ￿ tt,> +D145,
zkhuh ￿tt lv wkh xqfrqglwlrqdo fryduldqfh pdwul{ ri wkh jrdo yduldeohv155














@P￿ffP￿ .￿ ￿￿= +D147,
Zh fdq xvh wkh uhodwlrqv yhf+D . E,@yhf+D,.y h f + E,dqg yhf+DEF,@+ F ￿￿D ,yhf+E,
rq +D147, +zkhuh yhf+D, ghqrwhv wkh yhfwru ri vwdfnhg froxpq yhfwruv ri wkh pdwul{ D/d q g￿





@+ P ￿ P ,yhf+￿ff,.y h f+ ￿ ￿￿,=
Vroylqj iru yhf+￿ff, zh jhw
yhf+￿ff,@^ L￿+ P￿P,‘
3￿ yhf+￿￿￿,= +D148,
E1 Vwulfw prqhwdu| wdujhwlqj zlwkrxw lqwhuhvw0udwh vprrwklqj
Frqvlghu vwulfw prqhwdu| wdujhwlqj zlwkrxw lqwhuhvw0udwh vprrwklqj/ Ł> @4dqg ŁZ @ Ł+ @
Ł{￿ @3 1 Zh uhdol}h wkdw d ?uvw0rughu frqglwlrq iru d plqlpxp ri +D14, lv wkhq vlpso|
￿|n￿￿| @3 > +E14,
55 Wkh wudfh ri d pdwul{ ł/ |h@UiEł￿/ lv wkh vxp ri wkh gldjrqdo hohphqwv ri ł1
54zkhuh iru dq| yduldeoh {|/ {|n￿￿| ghqrwhv wkh h{shfwdwlrq ri {|n￿ frqglwlrqdo rq wkh lqirupdwlrq
dydlodeoh lq shulrg w/w k d wl v /[ |dqg l|1 Iurp +519, dqg +5143,/ zh jhw
￿|n￿￿| ￿ p|n￿￿| ￿ p|3￿ .￿ ￿ | n￿￿|
@￿ p | n￿￿| . p| ￿ p|3￿ .￿ ￿ | n￿￿|
@ ￿Ø6+p| ￿ t| . Ø￿l|,.Ø ￿￿ p |.p |￿p | 3 ￿.￿ ￿ | n￿￿|=






































p | 3 ￿￿
4
Ø 6Ø ￿
p | 3 ￿=
Xvlqj +514, dqg wkh hpslulfdo hvwlpdwhv/ zh jhw
l| @6 = 43￿|.4=:4￿|3￿.5=6;￿|32.=54￿|3￿.4=3;||.=;3tW
| .44=3;p|￿7=7:p|3￿￿:=74p|3￿=
F1 Wkh fruuhodwlrq ehwzhhq lq dwlrq iruhfdvwv dqg wkh prqh|0jurzwk lqglfdwru
Ohw ￿ ￿|nA￿| ghqrwh wkh 3htxloleulxp4 lq dwlrq iruhfdvw +ri irxu0txduwhu lq dwlrq W txduwhuv dkhdg,/
wkdw lv/ wkh iruhfdvw frqglwlrqdo rq wkh rswlpdo uhdfwlrq ixqfwlrq +5145, dqg wkh fxuuhqw vwdwh ri
wkh hfrqrp|/ [|1E |+ D 1 ; , 8 +D144,/ lw lv jlyhq e|
￿ ￿|nA￿| @ F￿u[|nA￿| @ F￿uPA[| ￿ dA[|>
zkhuh F￿u ghqrwhv wkh mwk urz ri wkh pdwul{ F1
Ohw ￿ ł|nA￿|+l|3￿, ghqrwh wkh 3xqfkdqjhg0lqwhuhvw0udwh4 lq dwlrq iruhfdvw +ri irxu0txduwhu lq0
 dwlrq W Ł 4 txduwhuv dkhdg,/ wkdw lv/ wkh iruhfdvw frqglwlrqdo rq dq xqfkdqjhg lqwhuhvw udwh/
l|n￿ @ l|3￿ iru Æ Ł 3/ dqg wkh fxuuhqw vwdwh ri wkh hfrqrp|/ [|1Z hq r w hw k d w
l | 3 ￿@h .[ |
dqg gh?qh
￿ P ￿ D . Eh.
￿ F ￿ Ff .F￿h.=
Wkhq wkh xqfkdqjhg0lqwhuhvw0udwh iruhfdvw lv jlyhq e|
￿ ł|nA￿|+l|3￿,@ ￿ F ￿ u[ | n A￿ |@ ￿ F ￿ u ￿ P A[ |￿￿ d A[ |=
55Ixuwkhupruh/ lq htxloleulxp zh fdq zulwh




















Qrplqdo0JGS0jurzwk wdujhwlqj uhtxluhv h{sdqglqj wkh yhfwru ri vwdwh yduldeohv e| wkh irxu
yduldeohv t|3￿/ t|32/ t|3￿ dqg t|3e1 Wkhq/ wkh 4<ß4 yhfwru [| ri vwdwh yduldeohv/ wkh 4<ß4<
pdwul{ D/w k h4 < ß 4 froxpq yhfwru E/d q gw k h4 < ß 4 froxpq glvwxuedqfh yhfwru x| duh jlyhq e|
[| @
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zkhuh h￿ dqg h￿G& +m?n , qrz ghqrwhv 4ß4< urz yhfwruv1
Ixuwkhupruh/ wkh 8ß4 yhfwru \| ri jrdo yduldeohv/ wkh 8ß4< pdwul{ Ff dqg wkh 8ß4 froxpq
yhfwru F￿ duh jlyhq e|
\| @
5
















h￿Ge . h￿f ￿ h￿e
￿ h.
h￿Ge . hD . h￿D ￿ h￿b
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56dqg wkh 8ß8 zhljkw pdwul{ N kdv wkh gldjrqdo +ŁZ>Ł +>Ł >>Ł {￿>Ł }, dqg doo lwv r>0gldjrqdo
hohphqwv duh htxdo wr }hur1
57Uhihuhqfhv
^4‘ Dqguhzv/ Grqdog Z1N1 +4<<6,/ 3Whvwv iru Sdudphwhu Lqvwdelolw| dqg Vwuxfwxudo Fkdqjh
zlwk Xqnqrzq Fkdqjh Srlqw/4 Hfrqrphwulfd/ 94+7,/ ;540;891
^5‘ Edoo/ Odxuhqfh +4<<:,/ 3H!flhqw Uxohv iru Prqhwdu| Srolf|/4 QEHU Zrunlqj Sdshu Qr1
8<851
^6‘ Eurzqh/ I1[1/ J1 Idjdq dqg M1 Khqu| +4<<:,/ 3Prqh| Ghpdqg lq HX Frxqwulhv= D Vxuyh|/4
Vwd> Sdshu Qr1 :/ Hxurshdq Prqhwdu| Lqvwlwxwh1
^7‘ Fkrz/ Juhjru| F1 +4<:3,/ Dqdo|vlv dqg Frqwuro ri G|qdplf Hfrqrplf V|vwhpv/ Mrkq Zloh|
dqg Vrqv/ Qhz \run1
^8‘ Frqjuhvvlrqdo Exgjhw R!fh +4<<8,/ 3FER*v Phwkrg iru Hvwlpdwlqj Srwhqwldo Rxwsxw/4
FER Phprudqgxp/ Rfwrehu 4<<81
^9‘ Ghqqlv/ Ulfkdug +4<<;,/ 3Lqvwdelolw| Xqghu Qrplqdo JGS Wdujhwlqj= Wkh Uroh ri H{shf0
wdwlrqv/4 Zrunlqj Sdshu/ Dxvwudold Qdwlrqdo Xqlyhuvlw|1
^:‘ Hxurshdq Fhqwudo Edqn +4<<<,/ 3Hglwruldo/4 HFE Prqwko| Exoohwlq/ Mdqxdu| 4<<</ <8431
^;‘ Hvwuhood/ Duwxur/ dqg Iuhghulf V1 Plvknlq +4<<:,/ 3Lv wkhuh d Uroh iru Prqhwdu| Djjuhjdwhv
lq wkh Frqgxfw ri Prqhwdu| Srolf|B4 Mrxuqdo ri Prqhwdu| Hfrqrplfv 73/ 5:<86371
^<‘ Jhuodfk/ Vwhidq/ dqg Iudqn Vphwv +4<<8,/ 3Wkh Prqhwdu| Wudqvplvvlrq Phfkdqlvp= Hyl0
ghqfh iurp wkh J0: Frxqwulhv/4 lq Ilqdqfldo Vwuxfwxuh dqg wkh Prqhwdu| Srolf| Wudqvplv0
vlrq Phfkdqlvp/ Edqn iru Lqwhuqdwlrqdo Vhwwohphqwv +Edvoh/ Vzlw}huodqg,/ 4;;05571
^43‘ Jhuodfk/ Vwhidq/ dqg Oduv H1R1 Vyhqvvrq +4<<<,/ 3Prqh| dqg Lq dwlrq lq wkh Hxur Duhd=
D Fdvh iru Prqhwdu| LqglfdwruvB4 lq suhsdudwlrq1
^44‘ Jrugrq/ Urehuw M1 +4<;8,/ 3Wkh Frqgxfw ri Prqhwdu| Srolf|/4 l qD 1D q g r /K 1H j x f k l /U 1
Iduphu dqg \1 Vx}xnl/ hgv1/ Prqhwdu| Srolf| lq Rxu Wlphv/ PLW Suhvv/ Fdpeulgjh/ PD/
788;41
^45‘ Jxhqghu/ Doiuhg Y1 +4<<;,/ 3Qrplqdo Lqfrph Wdujhwlqj yv1 Vwulfw Lq dwlrq Wdujhwlqj= D
Frpsdulvrq/4 Zrunlqj Sdshu/ Xqlyhuvlw| ri Fdqwhuexu|/ Fkulvwfkxufk1
58^46‘ Kdoopdq/ Mh>uh| M1/ Ulfkdug G1 Sruwhu/ dqg Gdylg K1 Vpdoo/ +4<<4,/ 3Lv wkh Sulfh Ohyho
Wlhg wr wkh P5 Prqhwdu| Djjuhjdwh lq wkh Orqj UxqB/4 Dphulfdq Hfrqrplf Uhylhz ;4/
;740;8;1
^47‘ Khvv/ Juhjru| G1/ Fkulvwrskhu V1 Mrqhv/ dqg Ulfkdug G1 Sruwhu/ +4<<;,/ 3Wkh Suhglfwlyh
Idloxuh ri wkh Eded/ Khqgu|/ dqg Vwduu Prgho ri P4/4 Mrxuqdo ri Hfrqrplfv dqg Exvlqhvv
83/ 7::083:1
^48‘ Lvvlqj/ Rwpdu +4<<;,/ 3Wkh Hxurshdq Fhqwudo Edqn dw wkh hyh ri HPX/4 vshhfk lq Orqgrq/
Qryhpehu 59/ 4<<;1
^49‘ PfFdooxp/ Ehqqhww W1 +4<;;,/ 3Urexvwqhvv Surshuwlhv ri d Uxoh iru Prqhwdu| Srolf|/4
Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| 5</ 4:605371
^4:‘ PfFdooxp/ Ehqqhww W1 +4<<:,/ 3Lvvxhv lq wkh Ghvljq ri Prqhwdu| Srolf| Uxohv/4 QEHU
Zrunlqj Sdshu Qr1 93491
^4;‘ PfFdooxp/ Ehqqhww W1 +4<<:e,/ 3Wkh Doohjhg Lqvwdelolw| ri Qrplqdo Lqfrph Wdujhwlqj14
QEHU Zrunlqj Sdshu Qr1 95<41
^4<‘ Phkud/ \dvk S1 +4<<:,/ 3D Uhylhz ri wkh Uhfhqw Ehkdyrlu ri P5 Ghpdqg/4 Ihghudo Uhvhuyh
Edqn ri Ulfkprqg Hfrqrplf Txduwhuo| ;6+6,/ 5:8761
^53‘ Ph|hu/ Odxuhqfh K1 +4<<:,/ 3Wkh Hfrqrplf Rxworrn dqg Fkdoohqjhv iru Prqhwdu| Srolf|/4
Uhpdunv dw wkh Fkduorwwh Hfrqrplfv Foxe/ Fkduorwwh/ Qruwk Fdurolqd/ Mdqxdu| 491
^54‘ Rolqhu/ Vwhskhq G1/ dqg Johqq G1 Uxghexvfk +4<<8,/ 3Lv Wkhuh d Edqn Ohqglqj Fkdqqho
iru Prqhwdu| Srolf|/4 Hfrqrplf Uhylhz/ Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr/ Qr1 5/
60531
^55‘ Rolqhu/ Vwhskhq G1/ Johqq G1 Uxghexvfk/ dqg Gdqlho Vlfkho +4<<9,/ 3Wkh Oxfdv Fulwltxh
Uhylvlwhg= Dvvhvvlqj wkh Vwdelolw| ri Hpslulfdo Hxohu Htxdwlrqv iru Lqyhvwphqw/4 Mrxuqdo
ri Hfrqrphwulfv :3/ 5<406491
^56‘ Ruskdqlghv/ Dwkdqdvlrv/ dqg Ulfkdug Sruwhu/ +4<<;,/ 3S- Uhylvlwhg= Prqh|0Edvhg Lq dwlrq
Iruhfdvwv zlwk d Fkdqjlqj Htxloleulxp Yhorflw|/4 Ihghudo Uhvhuyh Erdug/ IHGV Zrunlqj
Sdshu 4<<;0591
59^57‘ Sruwhu/ Ulfkdug/ dqg Gdylg Vpdoo +4<;<,/ 3Xqghuvwdqglqj wkh Ehkdylru ri P5 dqg Y5/4
Ihghudo Uhvhuyh Exoohwlq :8/ 57705871
^58‘ Uhlivfkqhlghu/ Gdylg/ Urehuw Whworz/ dqg Mrkq Zlooldpv +4<<<,/ 3Djjuhjdwh Glvwxuedqfhv/
Prqhwdu| Srolf|/ dqg wkh Pdfurhfrqrp|= Wkh IUE2XV Shuvshfwlyh/4 Ihghudo Uhvhuyh
Exoohwlq ;8/ 404<1
^59‘ Shhuvpdq/ Jhuw/ dqg Iudqn Vphwv +4<<<,/ 3Xqfhuwdlqw| dqg wkh Wd|oru Uxoh lq d Vlpsoh
Prgho ri wkh Hxur0Duhd Hfrqrp|/4 Zrunlqj Sdshu1
^5:‘ Uxghexvfk/ Johqq G1/ dqg Oduv H1R1 Vyhqvvrq +4<<;,/ 3Srolf| Uxohv iru Lq dwlrq Wdu0
jhwlqj/4/ QEHU Zrunlqj Sdshu Qr1 98451 Iruwkfrplqj lq Mrkq E1 Wd|oru/ hg1/ Prqhwdu|
Srolf| Uxohv/ Xqlyhuvlw| ri Fklfdjr Suhvv1
^5;‘ Vdujhqw/ Wkrpdv O1 +4<;:,/ G|qdplf Pdfurhfrqrplf Wkhru|/ Kduydug Xqlyhuvlw| Suhvv/
Fdpeulgjh PD1
^5<‘ Vphwv/ Iudqn +4<<8,/ 3Fhqwudo Edqn Pdfurhfrqrphwulf Prghov dqg wkh Prqhwdu| Srolf|
Wudqvplvvlrq Phfkdqlvp/4 lq Ilqdqfldo Vwuxfwxuh dqg wkh Prqhwdu| Srolf| Wudqvplvvlrq
Phfkdqlvp/ Edqn iru Lqwhuqdwlrqdo Vhwwohphqwv +Edvoh/ Vzlw}huodqg,/ 55805991
^63‘ Vphwv/ Iudqn +4<<;,/ 3Rxwsxw Jds Xqfhuwdlqw|= Grhv Lw Pdwwhu Iru wkh Wd|oru UxohB/4
Edqn iru Lqwhuqdwlrqdo Vhwwohphqwv/ Zrunlqj Sdshu Qr1 931
^64‘ Vøghuvwuøp/ Xoi +4<<<,/ 3Vkrxog Fhqwudo Edqnv Eh Pruh DjuhvvlyhB4 Zrunlqj Sdshu/
Vwrfnkrop Vfkrro ri Hfrqrplfv1
^65‘ Vwrfn/ Mdphv K1/ dqg Pdun Z1 Zdwvrq +4<<;,/ 3Iruhfdvwlqj Lq dwlrq/4 Zrunlqj Sdshu1
^66‘ Vyhqvvrq/ Oduv H1R1 +4<<:d,/ 3Lq dwlrq Iruhfdvw Wdujhwlqj= Lpsohphqwlqj dqg Prqlwrulqj
Lq dwlrq Wdujhwv/4 Hxurshdq Hfrqrplf Uhylhz 74/ 4444044791
^67‘ Vyhqvvrq/ Oduv H1R1 +4<<:e,/ 3Lq dwlrq Wdujhwlqj= Vrph H{whqvlrqv/4 QEHU Zrunlqj
Sdshu Qr1 8<951
^68‘ Vyhqvvrq/ Oduv H1R1 +4<<<d,/ 3Grhv wkh SW Prgho Surylgh Dq| Udwlrqdoh iru Prqhwdu|
WdujhwlqjB4 Zrunlqj Sdshu1
^69‘ Vyhqvvrq/ Oduv H1R1 +4<<<e,/ 3Lq dwlrq Wdujhwlqj dv d Prqhwdu| Srolf| Uxoh/4 Mrxuqdo ri
Prqhwdu| Hfrqrplfv/i r u w k f r p l q j 1
5:^6:‘ Vyhqvvrq/ Oduv H1R1 +4<<<e,/ 3Prqhwdu| Srolf| Lvvxhv iru wkh Hxurv|vwhp/4 Fduqhjlh0
Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ iruwkfrplqj1
^6;‘ Vyhqvvrq/ Oduv H1R1 +4<<<g,/ 3Sulfh0Vwdelolw| dv Wdujhw iru Prqhwdu| Srolf|= Gh?qlqj dqg
Pdlqwdlqlqj Sulfh Vwdelolw|/4 Zrunlqj Sdshu1
^6<‘ Wd|oru/ Mrkq E1 +4<<;d,/ 3D Klvwrulfdo Dqdo|vlv ri Prqhwdu| Srolf| Uxohv41 Iruwkfrplqj
lq Wd|oru ^74‘1
^73‘ Wd|oru/ Mrkq E1 +4<<;e,/ 3Wkh Urexvwqhvv dqg H!flhqf| ri Prqhwdu| Srolf| Uxohv dv
Jxlgholqhv iru Lqwhuhvw Udwh Vhwwlqj e| wkh Hxurshdq Fhqwudo Edqn/4 LLHV Vhplqdu Sdshu
Qr1 97<1
^74‘ Wd|oru/ Mrkq E1/ hg1 +4<<<,/ Prqhwdu| Srolf| Uxohv/ Fklfdjr Xqlyhuvlw| Suhvv/ iruwkfrplqj1
5;</ref_section>